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Summary 
 
In recent years, the use of geosynthetics reinforced soil (GRS) slope/wall has become more 
prevalent. This is partly due to the cost effectiveness of this type of slope/wall compared to 
conventional retaining walls. Another advantage is that GRS wall is relatively flexible and 
able to tolerate large lateral deformations and large differential vertical settlements. 
Traditionally, the use of granular material as backfill soil in GRS slope/wall is rampant as 
they offer good frictional properties and possesses good drainage capabilities. Granular 
materials are not found widely in Singapore. Therefore, alternative solutions by using 
poorly draining residual soil were being explored in the last few years.  
 
Research for the past few years at NUS was concentrating on laboratory pullout tests and 
on the investigation of the drainage capability of geotextile. Only limited numbers of field 
pullout test on geotextile were conducted at Bukit Panjang, Singapore. Present research 
focus on the field and laboratory pullout tests in conjunction with the actual construction of 
a three-tier GRS slope at Bukit Batok, Singapore. This research involves the study of the 
interface properties between geotextile or geogrid and residual soil, aiming to arrive at an 
effective use of residual soil as backfill material. This research also studies the pullout 
mechanism of geogrid, in particular the bearing resistance component that is contributed by 
the transverse members. The field pullout tests were conducted on geotextile and geogrid in 
two different soil conditions: “dry” state (soil at in-situ moisture content) and “wet” state 
(soil was ponded with water). There are a total of four field pullout tests conducted in this 
study, two on geotextile and two on geogrid. In all these four tests, loading pattern consists 
   ix 
of loading stage till a peak pullout force is achieved, followed by unloading stage to zero 
tension. It is then followed by reloading stage. For comparison purposes, a total of six 
laboratory pullout tests were performed to evaluate the interface properties. These were all 
performed using NUS large-scale pullout apparatus with the same residual soil and 
geosynthetics materials as used in the field pullout tests. 
 
The pullout force of geogrid is contributed by shearing resistance on the surface of the 
members and bearing resistance of the transverse members. This study shows that some 
transverse members were twisted, as seen in the exhumed sample of geogrid, during the 
pullout process. This twisted transverse members resulted in larger area for bearing 
resistance. It was shown that other published literature which obtained an unreasonable 
high interface friction angle, ignored this factor. The percentage of pullout force for “wet” 
soil condition relative to “dry” soil condition for both geotextile and geogrid cases were 
found to be more than 70%. Both composite geotextile and this particular type of geogrid 
which has gaps in between yarns could dissipate excess pore water pressure, thus resulting 
in a relatively high pullout force in “wet” condition. The present research shows that the 
prediction of the soil-geosynthetics interface friction angle from large-scale laboratory 
pullout tests is within about 12% of that from the field pullout tests. It was also concluded 
that δ/ø of 0.45 and 0.50 can be used as a conservative design value for this type of residual 
soil, with this category of geotextile and geogrid respectively; if the pullout test results 
were not available. 
 
Keywords: field pullout test, laboratory pullout test, residual soil, geotextile, geogrid, 
interface friction angle, bearing resistance, twisted transverse members 
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Nomenclature 
A area of geosynthetics embedded in soil 
Ab effective transverse members area for bearing 
b transverse member thickness 
b’ new transverse member thickness 
c soil cohesion 
d transverse member width 
Eø efficiency of friction angle 
F pullout force 
Fb bearing resistance of the transverse members 
Fb-ult ultimate bearing resistance 
Fb-ult(calc) calculated ultimate bearing resistance 
Fb-ult(test) test ultimate bearing resistance 
Fp pullout force of geogrid 
Fp0 pullout force of geogrid without transverse members 
Fpeak-L5 peak pullout force achieved by the complete geogrid in Test-L5 
Fpeak-L6 peak pullout force achieved by geogrid without transverse members in Test-L6 
Fs shear resistance on the surface of members 
Fs-ult ultimate shear resistance 
K horizontal earth pressure coefficient 
LL liquid limit 
m gradient for the development of bearing resistance 
Nc  bearing capacity factor 
   xi 
Nq bearing capacity factor 
PI plasticity index 
PL plastic limit 
u pore water pressure 
α twist angle 
β angle of rotational failure zone that varies according to soil compressibility 
δ soil-geosynthetics interface friction angle 
δr soil-geosynthetics residual interface friction angle 
σ total normal stress 
σ’ effective normal stress at soil-geosynthetics interface 
σb-ult ultimate bearing capacity 
σb-ult(calc) calculated ultimate bearing capacity 
σb-ult(test) test ultimate bearing capacity 
σv vertical stress 
τ pullout shear stress 
ø soil friction angle 
ør soil residual friction angle 
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Chapter 1 – Introduction 
 
1.1 Introduction to Reinforced Soil Slope or Wall 
In the historical development of geotechnical engineering, retaining wall design and 
construction had occupied a special and important position. The concept of reinforced soil 
slope/wall can be traced to the past few thousand years. It was in the land of Ur, the 
civilization of Mesopotamia along the Euphrates River, where Abraham was called out by 
God to come out of that land, that the first reinforced soil structure was found. That first 
known reinforced soil wall was formerly part of Ziggurat of Ur (Figure 1.1). It was built 
about 3000 years ago with mats of reed laid horizontally in soil. The concept of reinforced 
soil wall was also found in the structure of the Great Wall of China which is considered one 
of the Seven Wonders of the World and can be seen in Figure 1.2. 
 
Modern reinforced soil wall/slope was conceptualized and documented by Vidal in 1964. 
Vidal inserted flat metallic reinforcing strip into the soil mass and named it “Reinforced 
Earth” (Figure 1.3). In this period of time i.e. the 1960s, according to Koerner (2001), 
reinforced layers of soil allowing for modular construction was recognized as being 
advantages in many situations where retaining walls were required. They are thus given a 
more generic name: Mechanical Stabilized Earth (MSE). Initially, steel straps was used as 
reinforcement, later welded wire mesh provided an alternative.  
 
In the 1980s, the reinforcement used in MSE technology developed into polymeric 
reinforcement in the form of geogrids, geotextiles and polymer straps. These foreign 
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materials that are introduced into the soil mass are part of geosynthetics family. It offers a 
quick and an effective and also a cheaper alternative to traditional walls.  Geosynthetics are 
versatile material and its use is innumerable. The area of usage ranges from separation, 
reinforcement, filtration to drainage. 
 
1.2 Geosynthetics Material 
1.2.1 Geotextiles 
There are two types of geotextiles. One is woven geotextiles and the other is nonwoven 
geotextiles. Woven geotextiles are made by the same method as weaving cloth. They are 
weaved together with two orthogonal sets of filaments. Nonwoven geotextiles are made 
from finer filaments of usually circular in their cross-section. These finer filaments are held 
down in a loose web and then bonded either mainly by heat or mechanical entanglement to 
produce a coherent fabric. 
 
Woven geotextiles are made either from flat tapes, fibrillated tape yarns, monofilaments, 
multifilament or a combination of the above. For geotextiles made from flat tapes, the 
weave is very tight. Hence, the pores between the tapes are comparatively small as shown 
in Figure 1.4. Geotextiles made from fibrillated tape yarns will achieve a higher mass per 
unit area for a tape of given thickness, as the fibrillations allow a closer packing of the 
tapes. 
 
Nonwoven geotextiles are made by thermal bonding, mechanical bonding (or known as 
needle punching), chemical bonding or resin bonding. The polymer that is most widely 
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used is polypropylene. This is followed by polyester and the least frequently used is high-
density polyethylene. In thermal bonding method, the polypropylene monofilaments are 
passed through heating process which melts the outer surface of the filaments that causes 
the crossover points to be fused together. In needle bonding method, the needles which are 
punched through the loose web will consolidate and entangle the filaments producing a 
stable bond which is shown in Figure 1.5. 
 
1.2.2 Geogrids 
There are three main types of geogrids which are integral junction geogrids, woven 
junction geogrids and fused junction geogrids. They are categorized based on the way the 
machine and cross-machine direction elements are joined together. 
 
Integral junction geogrids include uniaxially drawn geogrid and biaxially drawn geogrid 
which are shown in Figure 1.6. For uniaxially drawn geogrid, holes are punched in the high 
density polyethylene (HDPE) sheet and the holes are stretched in one direction. This 
stretching induces molecular orientation in the solid material in the direction of the draw. 
When the holes are also stretched in the cross-machine direction, biaxially drawn geogrid is 
made.  
 
High tenacity polyester multifilament is used in woven junction geogrid. This is shown in 
Figure 1.7. The machine direction and cross-machine direction elements are interlaced at 
multiple levels by weaving or knitting to form a strong junction. Later, the polyester yarns 
are coated with acrylic or PVC as a protective layer to the outside environment. 
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Fused junction geogrids is made of strips of high tenacity polyester. The machine direction 
and cross-machine direction elements are fused together by heat or sonic welding.  
 
1.2.3 Applications of Geosynthetics 
The functions of any particular geosynthetics can best serve depends on its physical, 
mechanical and hydraulic properties. The ability of the geosynthetics to survive installation 
damage is also important.  
 
Geosynthetic acts as a drainage medium where it collects liquid or gas and conveys it 
towards an outlet. It serves as a filter when it is placed in soil and allows water to pass 
through while retaining the soil particle. In erosion control, geosynthetics that is used to 
cover exposed soil can absorb the kinetic energy of raindrops and hence reducing or 
preventing erosion. It functions as a separator when it is placed in between two different 
types of soil. This prevents intermixing of soils under dynamic loading that usually occurs 
under the vehicle wheel loadings. Geosynthetic also serves as reinforcement, tensioned 
membranes and cushion. 
 
Some geosynthetics can serves more than one function at one time. With the functions 
listed above, they are used vastly in civil engineering construction, such as foundations, 
transportations, environmental, water resources, coastal protections and etc.  
 
Geotextiles and geogrids are used in the application of geosynthetics reinforcing soil 
slope/wall. The consideration in using either geotextile or geogrid is dependent on the type 
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of backfill soil being used. Nonwoven geotextiles, being porous, generally has high in-
plane drainage capability but does not possess high tensile capacity. But, when high 
strength woven yarns are added onto the nonwoven geotextile base, it will have sufficiently 
high tensile strength. Geogrid is able to provide high tensile strength, but it is unable to 
provide good in-plane drainage capability. 
 
1.3 Geosynthetics Reinforced Soil Slope or Wall 
1.3.1 Advantages and Disadvantages of Geosynthetics Reinforced Soil 
Slope or Wall 
In recent years, the use of geosynthetics reinforced soil slope/wall has become more 
prevalent. This is partly due to the cost effectiveness of geosynthetics reinforced soil 
slope/wall compared to conventional retaining walls. The lower cost is due to the lower 
material costs and/or omission of a deep foundation for support. Another reason is that the 
construction of geosynthetics reinforced soil slope is easy and rapid as it does not require 
skilled labors or specialized equipments. The reinforcements and facings that are 
prefabricated also help in the rapid construction of a slope. 
 
Another advantage is that geosynthetics reinforced soil wall is relatively flexible and able 
to tolerate large lateral deformations and large differential vertical settlements. This 
flexibility allows the use of a lower factor of safety for bearing capacity design than 
conventional rigid retaining structures. The flexibility and inherent energy absorption 
capacity of the coherent soil mass of geosynthetics reinforced soil wall enable it to 
withstand dynamic loadings imposed by wheel loads, wave actions and collision impacts. 
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This also makes geosynthetics reinforced soil slope better suited for earthquake loading 
compared to conventional reinforced concrete retaining walls. 
 
Facing elements of geosynthetics reinforced soil wall can also be designed to be 
aesthetically pleasing and they have only a secondary structural role. Many of the facing 
elements are of concrete modular blocks with different color, shapes and textures. The 
planting of vegetation at the exposed face of the soil is also regarded as being aesthetic 
especially if the slope is required to blend with the natural surroundings. 
 
However, there are disadvantages in using geosynthetics reinforced soil slope. In using 
metallic reinforcement, special coatings such as galvanized zinc or resin bonded epoxy 
need to be implemented in order to prevent corrosion. The allowance of sacrificial 
thickness of steel is made in design to meet the service life requirement. This can be 
overcome by using polymeric material as reinforcements. Polymeric materials are inert. 
They are not subject to chemical and biological attacks in soil, thus making them suitable 
construction material. But in the long term, their strength may be reduced due to creep. 
Another disadvantage is that the sourcing of suitable backfill of well draining soil. Many 
more research needed to be done on the using of poorly draining soil. 
 
1.3.2 Failure Modes of Geosynthetic Reinforced Soil Slope/Wall 
In the design of geosynthetics reinforced soil slope/wall, all possible failure modes have to 
be identified. The failure modes can be grouped under those that relate to external stability 
and those that relate to internal stability. 
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The external stability of a geosynthetics reinforced soil slope is considered in the same 
manner as a gravity retaining wall. Therefore, the failure modes that are considered are 
sliding along the base of the structure, overturning about the toe of the wall, bearing 
capacity failure and settlement and also overall slope stability. In the checking of slope 
stability, all potential slip circles have to be investigated including those that pass through 
the geosynthetics reinforcement. 
 
The internal stability of geosynthetics reinforced soil slope/wall refers to the performance 
of the geosynthetics reinforcement inside the soil. This means it depends on the tensile 
breakage or pullout of the geosynthetics reinforcement. Hence, in ensuring that the tensile 
breakage does not occur, the effective cross-sectional area of the reinforcement must be 
large enough to reduce the tensile stress developed in the geosynthetics. To determine 
sufficient pullout capacity, the effective length of the reinforcement behind the theoretical 
failure circle or surface must be long enough to ensure the transfer of stress from the 
reinforcement to backfill soil without the reinforcement being pulled out.  
 
In the case of geotextile, the pullout resistance is provided by skin friction and interlocking 
in between soil and geotextile. As for geogrid, in additional to that, there is passive 
resistance being developed at the transverse members. The pullout resistance is dependent 
on the type of reinforcement being used and the type of soil being used as backfill material. 
Hence, laboratory and field pullout tests are important in determining the interaction 
mechanism and the friction properties of the geosynthetics in soil. 
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1.4 Background Information of Project 
The use of geosynthetics material in reinforcing of soil retaining structures, such as steep 
slopes and high walls are widespread in Northern America, Japan and some Western 
Europe nations. However, the implementation of geosynthetics reinforcement in Singapore 
leaves much to be desired. 
 
Traditionally, the use of granular material as backfill soil in geosynthetics reinforced soil 
slope/wall is rampant as they offer good frictional properties and possesses good drainage 
capabilities. While granular materials are found widely in Northern America and Western 
Europe, they are not found widely in the Southeast Asia region, especially so in Singapore. 
In Singapore, granular materials have to be sourced from neighboring countries. Therefore, 
alternative solutions have to be explored. 
 
In the year 2001, the Housing Development Board of Singapore (HDB) needed to repair a 
failed natural slope (Figure 1.8) at a site off Bukit Batok West Avenue 5 of Bukit Batok 
district. This site was adjacent to a proposed HDB high-rise housing blocks development. 
The success of any repair method was critical since the failed slope was adjacent to the 
high-rise housing development. In addition, the slope is part of a natural park. Hence, after 
much consultation and deliberation with the National University of Singapore (NUS) 
geosynthetics team, it was decided to design and build a geosynthetics reinforced soil 
slope.  
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The finished geosynthetics reinforced soil slope design consists of up to three tiers along 
certain sections with the highest slope being 21.5 m high. One of the new features of this 
slope is that at the lower two tiers of the slope, a stretch of modular blocks facing units is 
constructed (i.e. a low wall of 1.0 m height). The slope has vegetation cultivated on the 
finished surface. The geosynthetics reinforcement used is a high strength composite 
geotextile which is made of nonwoven polypropylene sheet as a base and multi-filament 
polyester yarns stitched to it to provide its tensile strength. 
 
The type of soil found at site is residual soil. A major portion of that residual soil has high 
clay and high silt content with high plasticity index. This residual soil failed to meet the 
contractual requirements as backfill material. As a result, suitable residual soil is imported 
from nearby site to be used as backfill soil. Also a layering system of alternating layers of 
sand, sandy soil and residual soil with a geotextile sandwiched between the layers of sand 
(Figure 1.9) is explored in the laboratory. 
 
One of the design considerations for geosynthetics reinforced soil slope/wall is the 
interface properties between the geosynthetics and the backfill soil. These interface 
properties can be obtained and studied by performing geosynthetics laboratory and field 
pullout tests. The accuracy and validity of the interface properties obtained are very much 
dependent on the test setup. Thus, it is important that the comparison be made between 
laboratory and field pullout tests. Interface properties also depend on the type of soil and 
the type of geosynthetics used. Therefore, laboratory pullout tests with different type of 
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soils and geosynthetics are conducted. Furthermore, laboratory and field pullout tests with 
different type of geosynthetics, i.e. geotextile and geogrid are also performed. 
 
1.5 Objectives 
There are a few objectives that this research work hopes to achieve. Firstly, little research 
was done to compare laboratory pullout test with field pullout test. This could be possibly 
owing to the fact that performing field pullout test is difficult and costly. However, 
laboratory pullout test is only a scale model. As such, field pullout test is essential in 
establishing the validity of the laboratory test results. 
 
Secondly, this research also aims to compare the behavior and performance of the 
interaction of geotextile and geogrid on residual soil backfill by using laboratory pullout 
test and field pullout test. Geotextile and geogrid behave differently in geosynthetics 
reinforced soil slope/wall. Therefore, the objective of this research is to compare the 
pullout behavior of geotextile and geogrid. This will involve the study of the interface 
properties between geotextile and soil and also between geogrid and soil on the effective 
use of suitable residual soil as backfill material. The significance of the bearing resistance 
that is contributed by the transverse members of the geogrid will also be investigated. 
 
Thirdly, there is also lack of research on the performance of geosynthetics reinforcement in 
a layered soil system or in a multiple soil interface. This may be due to the difficulty in 
construction and hence this option is seldom explored. However, in Singapore due to the 
scarcity of granular material to be used as backfill soil, makes this alternative attractive 
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since it will meet a two-prong requirement. One is that sand is a well draining backfill 
material. The other is the cost saving of layered soil system compared to wholly sand 
system. Thus, the other objective of this research is to examine the performance of a 
proposed layered soil system. Since the feasibility of this system has not been established, 
only laboratory pullout tests are performed for this type of configuration. 
   
1.6 Scope 
A total number of six laboratory pullout tests are performed. They are performed on a 
pullout box with the dimension of 1.1 m (length) x 0.65 m (width) x 0.65 m (height). The 
geosynthetics that is embedded in soil has the dimension of 0.95 m (length) x 0.3 m (width). 
The composite geotextile used is PEC 200 and the geogrid used is GX 200/50 with both 
having the ultimate tensile strength of 200 kN/m in the machine direction.  
 
In meeting the objective of soil layered system study, a total of four laboratory pullout tests, 
Test-L1, L2, L3 and L4 are involved and their pullout behavior being evaluated. Test-L1 
serves as a laboratory control test setup that is used as a benchmark. The test is performed 
on geotextile, PEC 200, using residual soil from Bukit Batok site that meet the HDB’s 
contractual requirements for the use as backfill material. Tests-L2, L3 and L4 use the 
residual soil excavated from an area of the Bukit Batok site, which falls short of the 
specification of backfill material, with varying thickness of imported sand at the 
soil/geotextile interface. Tests-L1, L2, L3 and L4 are all done using geotextile PEC 200 
with a width of 0.3 m and a fixed 36 numbers of yarn. 
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To meet the objective of investigating different geosynthetics being used, two laboratory 
pullout tests are conducted on geogrid, GX 200/50. Both Test-L5 and Test-L6 are 
performed in suitable residual soil that is obtained from the Bukit Batok site. Test-L5 is 
done using geogrid GX 200/50 of 0.3m width. There are 8 longitudinal members and 224 
transverse members embedded in the soil. Test-L6 is also done on geogrid GX 200/50. 
However, almost all of the transverse members are taken out with the longitudinal 
members remaining.  
 
In order to make comparison in between the laboratory and field pullout tests, field pullout 
tests are planned, designed and executed at the Bukit Batok district site. A total number of 
four field pullout tests are performed on the geosynthetics reinforced soil slope backfilled 
with residual soil. The field pullout tests are conducted on geotextile PEC 200 and geogrid 
GX 200/50 in two different soil conditions, one is in “dry” state (soil at in-situ moisture 
content) and the other is in “wet” condition (soil is ponded with water). The geosynthetics 
that is embedded in soil has the dimension of 1.65 m (length) x 0.5 m (width) with 60 
numbers of yarns in the machine direction. A sophisticated constant rate pullout machine 
and a complicated pullout test apparatus setup are built specifically and used for these field 
pullout tests. 
 
The first field pullout test, labeled Test-F1, is a pullout test on geotextile, PEC 200 that is 
performed in a “dry” soil condition (soil at in-situ water content) and can be seen in Figure 
1.10. The second test is also performed on geotextile, PEC 200 and labeled as Test-F2. But 
this pullout test is done in “wet” condition (soil is ponded with water) of which the soil 
Chapter 1 - Introduction 
  13 
next to geotextile has been ponded before and during the pullout test. The third field 
pullout test of the field pullout test series, labeled as Test-F3, is a pullout test on geogrid, 
GX 200/50 in a “dry” soil condition. The fourth and final field pullout test is again 
performed on geogrid, GX 200/50 and is labeled as Test-F4. However, this pullout test is 
done in “wet” condition of which the soil next to geogrid has been ponded before and 
continuously during the pullout test. 
 
1.7 Organization of the Thesis 
The thesis is arranged in the following manner. Chapter 1 presents the introduction to this 
research. Chapter 2 dwells on some related literatures. Subsequently, Chapter 3 describes 
the laboratory pullout test setup and instrumentation. While the field pullout test setup and 
instrumentation are being described in Chapter 4. The results of field pullout tests and 
laboratory pullout tests are discussed in Chapter 5 and Chapter 6 respectively. Finally, 
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Figure 1.3: Concept of Reinforced Earth (after Ingold, 1982) 
 
 
Figure 1.4: Woven extruded flat tape geotextile (after Ingold, 1994) 
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Figure 1.5: Needle-punched continuous filament non-woven geotextile 
(after Ingold, 1994) 
 
 
Figure 1.6: Biaxially drawn PP geogrid (after Ingold, 1994) 
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Figure 1.8: Geosynthetics reinforced soil slope at Bukit Batok district 
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Chapter 2 - Literature Review 
 
2.1 Introduction 
This literature review will firstly delve in the problems encountered on geosynthetics 
reinforced soil slope/wall. After that, the limitations faced and the precautions needed to be 
taken in laboratory pullout test are presented. Later, it is expanded to the comparison 
between laboratory and field pullout tests. 
 
There are many types of geosynthetics. They can be classified as geotextile, geogrid, 
geocomposite and etc. According to Koerner (1997) and Vernon (1997), geosynthetics’ 
functions are separation, reinforcement, filtration and drainage. While geotextile and 
geocomposite cover the whole range of geosynthetics function, geogrid usually only act as 
reinforcement. 
 
In designing a geosynthetics reinforced soil slope/wall, the value of coefficient of 
interaction for pullout, is obtained from a large scale laboratory pullout test. This test 
should be performed by using the intended geosynthetics to be used at the actual site and 
on the site specific soil under the simulated field conditions.  
 
It was recommended that free draining backfill which is well-graded granular soils be used 
in the building of geosynthetics reinforced soil slope/wall. There are proper guidelines on 
the use of these types of backfill in USA and UK’s code of practice. In areas where free 
draining sandy material is not readily available or has to be imported, the use of poorly 
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draining soil has become increasing popular. However, in the case of poorly draining 
backfill, there are presently no specific guidelines on its use in geosynthetics reinforced soil 
slope/wall. This thesis aims to address this issue. 
 
2.2 Geosynthetics Reinforced Soil Slope/Wall using Poorly Draining 
Backfill 
According to Koerner and Soong (2001), geosynthetics reinforced segmental retaining wall 
(SRW) is experiencing the largest growth amongst various type of retaining walls at this 
moment of time. There are a few reasons to this. They include the modular blocks are 
prefabricated, the ease of placing the modular blocks, the ease of connecting geosynthetics 
with the facing, the modular blocks can conform to any variation in line and grade, has 
good tolerance for irregularities and aesthetically pleasing. One of the key problems 
experienced by geosynthetics reinforced soil slope/wall in this region is the used of poorly 
draining soil or low permeability soil for backfill. 
 
Inadequate slope/wall performance can be defined with respect to its serviceability (i.e. 
excessive deformation) and with respect to actual failures in collapse. According to 
Koerner and Soong (2001), a number of these inadequate performances were due to the 
fine-grained silts and clays that were used as the backfill soil. They further pointed out that 
the hydrostatic pressure arising from lack of drainage from fine-grained soil backfills in the 
reinforced zone was the overriding reason for the failures of these cases. Their findings are 
presented in Table 2.1 and Table 2.2 which list the case histories of wall serviceability 
problems and wall failures respectively. 
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Zornberg and Mitchell (1994) also reported that low permeability backfill soil in the 
reinforced zone was a major cause leading to the largest number of serviceability problems 
and actual failures among the failed walls. The use of low permeability backfill soil 
contributed greatly toward an inexpensive wall system but it can lead to excessive 
deformations or failure.   
 
Koerner and Soong (2001) compared the recommendation for soil gradations in the 
reinforced backfill zone by three different references and the table is reproduced here as 
Table 2.3 and plotted together as Figure 2.1. The National Concrete Masonry Association 
(NCMA) allows a broader range of soil for used as backfill, as soil up to 35% passing the 
No. 200 sieve is allowed. Federal Highway Administration (FHWA) somehow has a more 
restrictive range with only soil up to 15% passing the No. 200 sieve is allowed. The most 
conservative guidelines were devised by Koerner. He recommended that no particles 
passing the No. 200 sieve is allowed. FHWA code further specifies that the material 
passing the No. 200 sieve should have a plasticity index of less than 6.0 and should be free 
of organics. In addition, the coarse aggregates should also not exceed 19 mm in size so as 
to minimize installation damage. Koerner and Soong (2001) further stated that if fines (silts 
and/or clays) were used for the reinforced zone backfill soil, any possible water in front, 
behind and beneath the reinforcement zone must be carefully collected, transmitted and 
discharged. Proper filtration and drainage control was critical for the geosynthetics 
reinforced soil slope/wall using poorly draining soils. 
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The problem of using poorly draining soil is due to the built-up of pore pressure in the soil. 
This is because water that is clogged in the soil wall will increase the pore water pressure in 
the soil. Thus, the effective stress of the soil will be reduced and concurrently the strength 
of the soil is reduced. Once the soil is weakened, it is prone to failure and collapse. There 
are many well-documented case studies which show that poorly draining backfill caused 
failure of reinforced soil wall. Therefore, in order for poorly draining soil to work as an 
acceptable backfill, water has to be able to dissipate out from the backfill.  Geotextile with 
high in-plane drainage capability can act as drainage outlet, thus making the use of poorly 
draining soil as backfill material possible. 
 
Delmas et al. (1992) monitored pore water pressure built-up during the construction of a 6 
m high experimental geotextile reinforced soil wall which had a high moisture content 
backfill.  Dual-function non-woven geotextile which acted as reinforcement and drainage 
geotextile was used. As compared to a previous embankment, built with non-draining 
woven geotextile, the pore water pressure built-up on the 6 m wall was considerably lower 
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and is shown in Figure 2.2. There were two implications to the drainage capability of the 
geotextile. Firstly, the decrease in excess pore water pressure would increase the resistance 
to shearing along the slip circle of the whole wall. Secondly, the decrease in excess pore 
water pressure along the anchored section of the geotextile would increase the anchor 
strength of the geotextile. 
 
Tatsuoka et al. (2000) constructed a few full-scale geosynthetics reinforced soil wall 
models and tested them to failure. Failure was caused either by allowing natural rain 
percolating through the backfill for a long duration or by loading vertically with a footing 
on the crest of a wall. 
   
Loke et al. (2002) and Lim (2003) built, monitored and performed tests on a trial geotextile 
reinforced soil wall. They concluded that the pore water pressure in the wall was not built-
up after the wall was constructed due to the high in-plane drainage capability of the 
geotextile layers. This can be seen in Figure 2.3. They explained that by using geotextile 
that could serve the dual function of reinforcement and drainage, the negative pore water 
pressure or suction of the soil arising from the compaction could be maintained. Thus, the 
effective stress of the soil was maintained and the soil would not be weakened by excess 
pore water pressure built-up.   
 
2.3 Laboratory Pullout Test 
Laboratory pullout test is routinely carried out to access the soil-geosynthetics interface 
properties. However, laboratory pullout test has many limitations. This is because of the 
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smaller scale of the apparatus compared to the actual field pullout test. This creates 
problems links to boundary conditions. Factors that will influence the soil-geosynthetics 
interface properties associated with the use of different types of laboratory pullout devices 
include boundary effects, variation in testing procedure, soil placement and compaction 
scheme. 
 
The laboratory pullout tests have the following limitations: 
a. Boundary Effects and Scale of Apparatus 
b. Confining Pressure 
c. Pullout  Rate 
d. Properties of Soil 
e. Properties of Geosynthetics 
 
2.3.1 Boundary Effects and Scale of Apparatus 
Boundary effects, in particular the presence of a front wall in a pullout box test setup will 
affect the pullout behavior of the geosynthetics. A few researchers had investigated the 
effect of a rigid front wall on laboratory pullout test. Other than the front wall, the presence 
of side walls and rear wall will also influence the pullout response. The size of the pullout 
box has bearing on the pullout response. The effects of the size were also investigated. 
 
Palmeira and Milligan (1989) investigated the frictional characteristics of the front wall. 
When the geogrid was being pulled out of dense sand in the pullout box, the dilatancy of 
the soil in contact with the grid will tend to enhance local stresses on the grid members and 
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also caused general heave. The heave will cause extra downdrag on the sides of the soil 
block above the grid and thus increasing the average vertical stress on the reinforcements. 
Since the lateral stresses against the front wall of the box will be very much higher than 
that against the other three sides, this effect is the most prominent on the front wall. This 
magnitude of downdrag will be controlled largely by the frictional characteristics of the 
front wall. 
  
Two pullout test boxes were used in Palmeira and Milligan (1989). One was a medium box 
with the dimension of 253 mm x 150 mm x 200 mm box and the other was a large box with 
the dimension of 1000 mm x 1000 mm x 1000 mm. Galvanized steel and mild steel grids 
were used with dry Leighton Buzzard soil. The pullout was done on four different wall 
conditions. The wall conditions were rough wall (wall glued with sand), lubricated wall 
(wall applied with grease and oil), plain metal wall (the original smooth steel wall surface) 
and sand paper wall (wall glued with sand paper). By comparing the case of lubricated wall 
with the rough wall, the normalized bond stress for the rough wall was more than two times 
than that for the lubricated wall. 
 
Palmeira and Milligan (1989) also investigated the top boundary effect on the pullout 
response. In the first case, a rigid rough plate was used to simulate rigid top boundary 
condition. In the second case, a flexible bag that was filled with water was used to simulate 
flexible top boundary condition. It was found that a slight decrease in friction coefficient 
was obtained with the use of flexible boundary.  
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From the results obtained with the medium size box it is clear that reliable results can be 
obtained only if boundary effects can be avoided or rationally understood. In avoiding this 
boundary effects, the setup has to be substantially big so as to eliminate these effects. 
While rationally understanding them requires one to take account of the effects and take 
them into consideration when analyzing the results obtained from the pullout tests.  
 
On the boundary effects and scale of the testing equipment, Farrag et al. (1993) 
investigated the effect of sleeve length, soil thickness and side clearance between the test 
specimen and the wall on the pullout behavior of geogrid in sand. 
 
Farrag et al. (1993) studied the effect of applying a sleeve at the front wall of pullout test. 
This was done with the intention of reducing the effect of a rigid front wall facing by 
transferring the point of pullout load inside the soil mass far away from the rigid front wall. 
Different sleeve lengths (0mm, 200 mm, 305 mm) were evaluated in three different tests. 
Figure 2.4 shows the pullout behavior of the tests. Figure 2.5 shows the lateral pressure 
recorded for all the three tests. The tests showed that the pullout resistance decreases with 
increasing length of the sleeve. By comparing the sleeve length of 200 mm and 305 mm, 
the lateral pressures were almost similar. Therefore, Farrag et al. (1993) concluded that the 
sleeve length of 305 mm would be adequate to minimize the effect of a rigid front wall; 
even the pullout resistant at 305 mm sleeve is still lower than that of 200 mm sleeve. 
 
The thickness of soil that encased the geosynthetics test piece has a significant effect on the 
pullout response. When the test piece is being pulled out from the soil, the test piece will 
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move the soil surrounding it. Friction will be mobilized between soil and the top surface of 
the pullout box and between soil and the bottom surface of the pullout box. Eventually, this 
will increase the normal stresses near the rigid interfaces. This increase of normal stresses 
is more prominent when the soil used is not of sufficient thickness. The increase in normal 
stresses near the rigid interface will translate down to the soil/geosynthetics level that will 
affect the shear strength mobilization. Four tests were conducted to investigate the effect of 
soil thickness that ranged from 200 mm to 700 mm. Figure 2.6 shows the results of the 
pullout tests performed. Based on the curves, it was found that a minimum thickness of soil 
required was 600 mm. This means that a soil thickness of 300 mm is required to be placed 
both at the top and bottom of the test piece. 
 
Chang et al. (2000) performed a series of tests using different sleeve lengths of 0 mm, 75 
mm, 150 mm and 200 mm.  The pullout box that was used was 0.9 m wide by 1.5 m long 
with 0.4 m of soil place above and below the geogrid test piece. Figure 2.7 shows a 
decreased in ultimate pullout load as the length of the sleeve were increased from 0 mm to 
150 mm. However, subsequent increased of the sleeve length from 150 mm to 200 mm did 
not display much difference to the curves. This coincided with the similar trends in the 
earth pressure readings as shown in Figure 2.8. Therefore, Chang et al. (2000) 
recommended that a sleeve length of 150 mm be employed in pullout test to reduce the 
front wall effect to a reasonable level. 
 
The side boundaries also have a bearing on the pullout test. For a given size of pullout box, 
the narrower the specimen used, the higher the pullout load. Four tests were conducted by 
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Farrag et al. (1993) to study the effect of side clearance. The width of the pullout box was 
0.9 m. The test pieces had width varying from 0.3 m to 0.75 m. Figure 2.9 shows the results 
obtained from the tests. By comparing the curves in Figure 2.9, it was concluded that a 
minimum side clearance of 150 mm was required on each side of the wall to minimize the 
side boundary effects. 
 
Chang et al. (2000) also studied the effect of frictional resistance on the side walls. With a 
pullout box width of 900 mm, it was found that specimen widths that range between 200 to 
300 mm, the normal load can be regarded as homogeneously distributed over the entire 
width of the geogrid. For specimen width of more than 400 mm, the normal loads did not 
effectively transfer to the geogrid. This can be seen in the pullout resistance per unit width 
which was lower than that of specimen widths between 200 to 300 mm. This can be seen in 
Figure 2.10. Hence it was concluded that in order to reduce side wall friction a minimum 
distance of 300 mm was needed to be maintained on each side of the specimen, measured 
from the side walls of the confining box to the sides of the test piece. 
 
Sugimoto et al. (2001) studied the pullout behavior of geogrids under rigid and flexible 
boundary conditions at the front of the pullout test box. He said that the geogrid pullout 
behavior with the rigid front face is different from that with the flexible front face. 
Sugimoto et al. (2001) recognized the need to set the laboratory pullout test apparatus to be 
a close representation of the actual boundary conditions. In a conventional pullout test 
apparatus, the geogrid is pulled out under a zero displacement boundary condition at the 
front face. However, such condition does not exist in all reinforced soil structures. It is 
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reasonable to consider that the resistant zone of a reinforced slope or wall may mobilize 
pullout resistance under a constant pressure boundary (which is referred to as flexible front, 
FF) rather than a zero displacement boundary (which is referred to as rigid front, RF) since 
the overburden load is constant on its failure surface.  
 
A pullout box with a dimension of 0.68 m (length) x 0.3 m (width) x 0.625 m (height) was 
used. A flexible boundary condition at the front face was simulated by placing two separate 
units, comprising air pressure bags with two stainless steel pistons inserted into the air 
pressure bags. The steel pistons were used to monitor the front face displacement. The rigid 
face rear wall was composed of six separate plates (0.3 m width x 0.1 m height) that were 
fixed on load cells that were used for measuring the lateral forces. One of the special 
features on this apparatus was the provision of an air pressure bag at the base of the pullout 
box, in addition to the air pressure bag at the top to maintain equal boundary conditions at 
the top and at the bottom of the pullout box. All tests were done using silica sand no.5 with 
300 mm of sand placed at the bottom and top of the geogrid. Two types of geogrid were 
used, i.e. biaxial geogrid SS-1 and uniaxial geogrid SR-55. 
 
It was found that with rigid facing, lateral earth pressure was developed against the front 
wall during the pullout test. This increased the confining pressure and increased the soil 
density, thus the internal friction angle of the soil increased. This would result in a higher 
pullout force and may overestimate the resistant force of the reinforced structures with a 
constant pressure boundary, as seen in Figure 2.11. In the case of FF tests, the mobilized 
bond stress spread more towards the free end of the geogrid since the apparent 
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densification of the sand mass would not be significant and spreads more than in RF test, as 
shown in Figure 2.12. By referring to Figure 2.13, in the RF tests, the lateral pressure built 
up on the rigid front face was linearly proportional to the pullout force. However, in the FF 
tests, the lateral pressure built up on the front face was not linearly proportional. This was 
because the front face displaced during the test which happened due to the movement of the 
sand towards the front face together with the geogrid which can be seen in Figure 2.14. 
 
X-ray radiographs, as shown in Figure 2.14 were employed to examine the sand movement 
in both the rigid and flexible facing pullout tests. It can be seen that in the rigid front case, 
the sand along the geogrid was moving towards the front face and the sand near to the front 
face was moving towards almost parallel to the front face. But in the case of the flexible 
facing case, the sand above and below the geogrid were moving towards the front face with 
some angle to the geogrid. The sand movement was larger in the flexible facing tests than 
that in the rigid facing tests. 
 
2.3.2 Confining Pressure 
In a laboratory pullout test setup, the soil placed above the geosynthetics i.e. the upper lift 
is usually of limited thickness. Hence, in order to reflect that of field condition, confining 
pressure or surcharge has to be applied on the setup. Generally, it was found that the 
increased in confining pressure would result in the increased of pullout resistance. Farrag et 
al. (1993), Fannin and Raju (1993) and Mallick and Zhai (1995) arrived at the same 
conclusion. This is seen here in Figure 2.15 and Figure 2.16. However, the pullout 
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resistance increased was not directly proportionate with the increased in the confining 
pressure. 
 
Fannin and Raju (1993) reported that at low confining pressures of less than 54 kPa, there 
was a general increase in pullout resistance with increasing overburden and this can be seen 
in Figure 2.16.  Gilbert et al. (1992) suggested that the degree and nature of the effect of 
normal stress on pullout resistance was dependent on the water content of the soil. This is 
shown in Figure 2.17. Similar finding was also reported by Farrag (1995). 
 
2.3.3 Pulling Rate 
Different research findings had been presented on the effect of the pullout rate on the 
pullout resistance. More researchers held the view that with the increased of pullout rate 
would result in the reduction of pullout resistance. Farrag et al. (1993) showed that the peak 
pullout load was higher at slower displacement rates. This was substantiated by a 25 % 
reduction of peak pullout load as the displacement rate was increased from 2 to 20 mm/min 
that can be seen in Figure 2.18. By referring to the curves, Farrag et al. (1993) found that 
with a pullout rate of less than 6 mm/min, the peak pullout loads obtained were similar. 
Thus, he recommended that a pullout rate of 6 mm/min be used. 
  
Mallick and Zhai (1995) conducted pullout test at two overburden pressure and three 
pullout rate each as summarized in Table 2.4. It is concluded that under a low pulling rate 
and normal stress level, the soil and geotextile interlock along with the geotextile and 
provided the pullout resistance. But, at a higher shear rate and normal stress level, 
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displacement of geotextile may not generate much frictional resistance. This phenomena 
therefore, resulting in a lower pullout resistance. 
Table 2.4 Effect of pullout rate on pullout resistance (after Mallick and Zhai, 1995) 
 
 
Chang et al. (2000) conducted pullout tests on five different pullout rates, 1.0 mm/min, 5.0 
mm/min, 10 mm/min, 20 mm/min and 50 min/mm. He found that the ultimate pullout load 
decreased with the increased of the pullout rate. However, for tests with pullout rates of 
more than 10 mm/min, the ultimate pullout load remained almost the same. 
 
Only Lopes and Ladeira (1996) held contradictory view from the others. They found that 
when the displacement rate changed from 1.8 mm/min to 22 mm/min, the pullout resistance 
increased by 30 %. Thus, they concluded that the pullout resistance of the geogrid 
increased with the increased in displacement rate. The increased in pullout resistance was 
due to the increment of the soil/geogrid interface stiffness and from the reduction of the 
capacity of rearrangement of the soil grains.  
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2.3.4 Properties of Soil 
Properties of soil such as moisture content, density, particle size grading and Atterberg’s 
limits are important factors that affect the pullout behavior. The said soil properties are 
dependent on the type of soil being used as backfill soil.  
 
Chang et al. (1996) performed pullout test on two different type of soil, i.e. sand and 
weathered mudstones. It was found that the geogrid in sand exhibited higher pullout 
resistance compared to that in weathered mudstone. The results are shown in Figure 2.19 
 
An increased in the moisture content of soil would result in the decreased of the pullout 
resistance. Chua et al. (1993) showed that an increased in the moisture content in sand 
resulted in a lower pullout force, as shown in Figure 2.20. Chua et al. (1993) suggested that 
this could be due to changes in the physical properties of the sand, i.e. the friction angle of 
the soil and the roughness of the geogrid reinforcement under the wetting process. Chua et 
al. (1993) also pointed out that the build-up of excess pore water pressure was responsible 
for the reduction in the pullout force in clay, as shown in Figure 2.21.  
 
Farrag (1995) conducted a series of pullout tests with various soil moisture contents. The 
findings are reproduced in Figure 2.22. Farrag (1995) showed that an increase in moisture 
content in clay resulted in lower pullout resistance. His explanation was that the drop in 
resistance could be due to a loss of the interface shear resistance as a result of shear 
slippage of the wet soil layer at the interface. 
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Chew et al. (1998) performed large-scale pullout tests at a big pullout box in National 
University of Singapore (NUS). He made a comparison in the pullout behavior of 
geotextile in “dry” and “ponding” condition. For the pullout tests that were done in residual 
soil, he found that the pullout resistance dropped by 17% when the soil was in the 
“ponding” condition when the drainage capability of the geotextile was not utilized. The 
results are shown in Figure 2.23. 
 
2.3.5 Multiple Layered Soil System 
The pullout behavior of reinforcement at the interface of two types of soil has had little 
attention. Fakher and Jones (1997) investigated the pullout response of geogrid 
reinforcement embedded at the interface of sand and super soft clay. The study was 
actually meant for the “primary stage construction” where a platform was being built by 
using a layer of geosynthetics material and a layer of sand over soft clay. The test setup is 
shown in Figure 2.24. The effect of the sand layer thickness and surcharge were 
considered. Figure 2.25, shows that the first 100 mm thick layer of sand had a significant 
effect on the pullout resistance.  
 
2.3.6 Properties of Geosynthetics 
There are three known interaction mechanisms on the pullout response of a geosynthetics 
reinforcement embedded in soil. According to Ingold (1984) the interaction mechanisms 
are skin friction, interlocking of geotextile and geogrid, and the passive resistance 
developed at the junction of transverse members of geogrid.  
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Kharchafi and Dysli (1993) suggested that the development of skin friction at soil-
geosynthetics interface is greatly dependent on the surface roughness of the geotextile. 
They also suggested that the interlocking of the soil particles in the geosynthetics primarily 
depended on the ratio of the apparent opening size of the geosynthetics and the diameter of 
the average soil particle. The test results of Mallick and Zhai (1995) are shown in Figure 
2.26. They showed that, the geotextile M600X with the apparent opening size of 0.4 mm 
obtained higher ultimate pullout load as compared to M700X, which had an apparent 
opening size of 0.2mm. Mallick and Zhai (1995) then suggested that indentation of the 
sand particles in the fabric as a result of geotextile roughness and opening size could be 
responsible for the higher pullout load. 
  
Chang et al. (1999) conducted a series of tests on the effects of geosynthetics size on the 
pullout response. Figures 2.27, Figure 2.28 and Figure 2.29 show the effects on pullout 
response by the specimen width, length and area respectively. It was found that with an 
increased in the variables i.e. width, length or area, there was an increased in the pullout 
resistance but at a decreasing rate. Chang et al. (1999) concluded that the ratio of the 
specimen to box area should not exceed 17.5%. If it was exceeded, the boundary condition 
of the bow would constrain the development of the full failure plane of the soil mass. Thus, 
this would cause no further increase in the pullout resistance. 
 
Geogrid generates pullout resistance as a combination of shear resistance on both the 
surfaces of longitudinal and transverse members and passive or bearing resistance on the 
sides of transverse members (Jewell et al. (1984) and Zhao et al. (1997)). The mobilization 
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of pullout resistance is not uniform along the length owing to its extensibility. Furthermore, 
various factors, such as physical properties of testing materials, external loads and testing 
apparatus influence the pullout behavior of the geogrid.  
 
A series of pullout tests were carried out by Alagiyawanna et al. (2001) by using a highly 
extensible geogrid with different longitudinal member (L-member) and transverse member 
(T-member) ratios and applying X-ray radiography method to investigate the influence of 
the L-members and T-members on the pullout behavior. The test cases are indicated in 
Table 2.5 and the members arrangements are shown in Figure 2.30. Based on the test 
results, the tensile force distribution in the geogrid was almost proportional to the L-
member ratio at 100% of T-members. The bond stress distribution per L-members for the 
100% of L-members was the lowest among the three tests with variation of percentage of 
L-members.  This was explained by Alagiyawanna et al. (2001) that the interference of 
influence zone existed in the case of 100% of L-members. They also found that the 
effectiveness of the T-members decreased with the increased of the spacing between the L-
members, even though the numbers of T-members remained unchanged. The results on 
various amounts of L-members with a fixed 100% T-members are shown in Figure 2.31. 
On the pullout tests done on 100% of L-members, they observed that the pullout force 
increased with the increased of the T-member ratio. However, the increased in the pullout 
force was not proportional to the T-member ratio. The curves on the pullout force for 
different T-member ratios at 100% of L-members are shown in Figure 2.32. 
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Table 2.5 Various member ratios used for test (after Alagiyawanna et al., 2001) 
 Dr% Front face L-members(%) T-members (%) Remarks 
Test 1 70/40 RF/FF 100 100 (a), Base case 
Test 2 70/40 RF/FF 50 100 (b) 
Test 3 70/40 RF/FF 25 100 (c) 
Test 4 70/40 RF/FF 100 50 (d) 
Test 5 70/40 RF/FF 100 25 (e) 
Test 6 70 RF/FF 100 0 (f), Df=70% only 
 
2.4 Field Pullout Test 
According to Bakeer et al. (1998), small-scale laboratory pullout tests may not yield 
reliable values for soil-geotextile interface properties due to the effect of scaling. 
Furthermore, a standard testing procedure to evaluate soil-geosynthetics interface friction 
properties in the laboratory had not yet been established (Farrag et al. 1993). Some of the 
factors associated with the use of different types of laboratory pullout devices included 
boundary effects, variation in testing procedure, soil placement and compaction schemes. 
As a result, a wide scatter existed in the reported results of shear and pullout force of 
laboratory pullout tests. 
 
Field pullout tests offer a better alternative to overcome the problems associated with the 
laboratory pullout tests. Results of full-scale field models are the most reliable source for 
examining the performance of soil-geotextile interaction and evaluating the accuracy of 
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2.4.1 Comparison between Laboratory and Field Pullout Tests 
Ochiai et al. (1996) firstly, carried out field pullout tests in order to make clear the pullout 
behavior or mechanism of geogrids in the soil of field pullout tests. A series of prototype 
pullout tests were conducted by pulling geogrids placed in a test embankment of 5.0 m in 
height. The embankment was built of sand with small zones of decomposed granite, which 
is one of the weathered soils in Japan. When a pullout force was applied, the force was 
transmitted from the front to the free end of the grid in the soil, thereby causing 
displacement of the grid junction which was distributed along the geogrid.  Figures 2.33 
show the pullout force versus displacement curves. The full scale tests results showed that 
the geogrid in the soil was pullout out as the grid itself elongated under the pulling force. 
That means the pullout resistance was mobilized on both the junctions and the ribs of the 
geogrid. The mobilized displacements were distributed along the geogrid. Sometimes there 
was a non-displacement area on the geogrid. This depended on the embedded length of the 
grid and the overburden pressure. 
 
On the laboratory pullout tests, they showed that the geogrid was pulled out as the geogrid 
itself was elongating. This was so especially when under large confining pressures, as seen 
in Figure 2.34. The mobilization of the displacement was transferred from the front of the 
geogrid to the free end. The difference of the displacement between each adjacent two 
junctions became large as the pullout force increased, and it became constant later. A large 
amount of tensile force was mobilized around the front of the geogrid and it decreased 
toward the free end of the geogrid. It was shown that the distribution of the grid 
displacement was very similar to that that was obtained by the field pullout test. The 
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distributions of the resistance were the basis of the evaluation method of pullout resistance 
for design purpose. 
 
Bakeer et al. (1998) performed in-situ pullout tests on a full-scale embankment built over a 
woven polyester geotextile sheet in two different soil conditions. In the first case, the soils 
used underneath and above the geotextile were clayey with a high plasticity and performed 
in three different fill heights. For the second case, the soil underneath the geotextile was 
sand and was performed only on one fill height.  
 
The geotextile in all the tests experienced successive movement response during the early 
stages of loading, which diminished with distance away from the loaded side. That 
behavior continued until a slippage load was reached at which a rigid body translation 
occurred across the geotextile. The pullout tests results can be seen in Figure 2.35 and 
Figure 2.36. As such, Bakeer et al. (1998) accepted that as the correct behavior of pullout 
test. He then proceeded to do a finite element study to model one configuration of the 
pullout tests. This was to investigate the reliability of a widely used interface numerical 
model. 
 
Chew et al. (2002) and Seah (2003) were the first researchers in Singapore to plan and 
simultaneously performed laboratory and field pullout tests in order to make a complete 
comparison of the pullout behavior. The research involved the highest geosynthetics 
reinforced soil slope/wall that was ever constructed in Singapore. The field pullout test 
results can be seen in Figure 2.37. 
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2.5 Other Considerations 
2.5.1 Strain Gauging Method on Geosynthetics 
According to Chew et al. (2000), continuous strain measurement in geotextiles permits a 
better understanding of their behavior in civil engineering applications. The most common 
problem associated with strain gauging measurement was the local stiffening effect of the 
geotextile due to the use of adhesives leading to the inability to maintain the flexibility of 
the geotextiles. The measured strain by the strain gauge directly glued onto the geotextile 
by silicon gel deviated from the actual deformation of the geotextile due to the shear and 
tensile deformation of the glue and the interaction between geotextile and gauge. 
 
Previously, the strain gauging method employed by NUS (Ho (1998)) was by using strain 
gauge type PL-60-N that was manufactured by TML with a maximum strain range of 3% 
that glued onto the surface of the composite geotextile directly using P-2 adhesive 
(manufactured by TML), apparently had stiffened and hardened the geotextile. Laboratory 
test was conducted to obtain a calibration factor. The pullout test results showed that the 
strain readings recorded by the strain gauges were about 5 to 8 times smaller than those of 
the telltale system in areas of high strain. 
 
A new strain gauging method that was attached “externally” without coming into contact 
with the geotextile directly was proposed by Chew et al. (2000). The effectiveness of the 
proposed new method was examined by conducting a series of wide width tensile tests on 
geotextiles with external strain gauges attached to them. A high yield strain gauge 
manufactured by TML of YL series, was used as it had a maximum strain range of 20%. 
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Two strain gauges of the same specifications except for different gauge length, YL-20 and 
YL-60 were used in order to check whether the new strain gauging method was 
independent of the gauge length. The geotextile was 200 mm in width and 100 mm in 
gauge length, with an aspect ratio of 2.  
 
The modulus of the plastic strip that was in between the geotextile and the strain gauge was 
approximately 3.4 kN per unit strain. However, the modulus of the 200 mm wide geotextile 
was approximately 100 kN per unit strain. Hence, the load transferred to the strain gauge 
system from geotextile to the plastic strip was only about 3% of the total tensile load. 
Therefore, the stiffening effect was found to be relatively minor. 
 
Comparison of strain gauge not protected and protected by silicon gel was also made. The 
strain measured by the strain gauges showed a trend that was quite similar to the global 
strain and they recorded strain up to about 10%. This demonstrated that the concept of 
external strain gauging worked effectively and the stiffening effect of the silicone 
protection layer on the strain gauging system and the geotextile was insignificant. Hence, it 
can be used to monitor the strain developed in the geotextile for in-air and in-soil tensile 
test. 
 
Correction factor, M was defined as ratio of measured local strain to global strain. The 
average M obtained was 1.1. The strain measured by external strain gauge was always 
higher than the global strain as the gauge length of geotextile between the end plates was 
shorter than the specimen length. Other published results showed the under-estimation of 
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local strain as compared to global strain. This was probably due to the stiffening effect of 
the geotextile by adhesive agents and the inherent stiffness of the electronic sensors. 
Finally, that method can be useful in field monitoring of strains and deformation of 
geotextile reinforced structures. 
 
2.6 Concluding Remarks 
The use of poorly draining soil as backfill in geosynthetics reinforced soil slope/wall is not 
widely practiced in this region. The confidence level for using such backfill is low. There is 
also no code of practice to provide guidance for use of poorly draining soil in reinforced 
soil applications. 
 
The soil-geosynthetics interface properties obtained by performing laboratory pullout test 
are not uniform. The results often depended on the test setup. Furthermore, the results of 
laboratory pullout test are rarely compared with field pullout test. While, field pullout tests 
which are the ideal pullout test are rarely performed. Field pullout tests yield more accurate 
soil-geosynthetics interface properties. The feasibility of layered soil system was not well 
explored. 
 
The soil-geogrid interface mechanism is not fully understood for a highly extensible 
geogrid. The pullout resistance of geogrid consists of shear resistance and bearing 
resistance. The contribution of the bearing resistance by the transverse members of such 
geogrid is not well studied. 
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Figure 2.1: Limiting gradation requirements within the reinforced zone of MSE retaining 




Figure 2.2: Comparison between a reinforcement geotextile, W130 and a dual-function 
reinforcement-drainage geotextile, GNW70 (after Delmas et al., 1992) 
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Figure 2.3: Pore water pressure measurements at the interface of high strength composite 
geotextile of layer L1 (after Chew et al., 2002 and Lim, 2003) 
 
 
Figure 2.4: Effect of sleeve length on pullout resistance (after Farrag et al., 1993) 
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Figure 2.6: Effect of soil thickness on pullout response (after Farrag et al., 1993) 
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Figure 2.10: Effect of side clearance on pullout resistance (after Chang et al., 2000) 
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Figure 2.11: Comparison of pullout force against displacement for rigid and flexible 










Figure 2.12: Effect of pullout force on total lateral force and rate of total lateral force on 
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Figure 2.13: Effect of reinforcement displacement on front wall displacement for tests with 






Figure 2.14: Displacement of sand around reinforcement in: (a) rigid facing test, (b) 
flexible facing test (after Sugimoto et al., 2001) 
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Figure 2.16: Effect of confining pressure on pullout resistance (after Fannin and Raju, 1993) 
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Figure 2.17: Effect of confining pressure and moisture content on pullout resistance (after 






Figure 2.18: Effect of pullout rate on pullout resistance (after Farrag et al., 1993) 
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Figure 2.21: Effect of moisture content on pullout resistance in clay (after Chua et al., 1993) 
 
 
Figure 2.22: Effect of moisture content on pullout resistance in sand (after Farrag, 1995) 
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Figure 2.23: Effect of moisture content on pullout resistance of composite geotextile in 





Figure 2.24: Test setup for geogrid reinforcement embedded at interface of sand and super 
soft clay (after Fakher and Jones, 1997) 
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Figure 2.26: Effect of apparent opening size on pullout resistance (after Mallick and Zhai, 
1995) 
No Sand 
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Figure 2.28: Effect of specimen length of pullout resistance (after Chang et al., 1999) 
 
Chapter 2 – Literature Review 
  59 
 






Figure 2.30: L-member and T-member arrangements of geogrid samples (after 
Alagiyawanna et al., 2001) 
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Figure 2.31: Pullout response of the geogrid with different L-members ratios at 100% T-








Figure 2.32: Pullout response of the geogrid with different T-members ratio at 100% L-
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Figure 2.33: Pullout force – displacement relation in each junction for decomposed granite 




Figure 2.34: Pullout force – displacement relations in the geogrid for various vertical 
pressures (after Ochiai et al., 2001) 
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Figure 2.35: Load-displacement curves for the geotextile under 4.5 ft of fill geotextile-clay 
test (after Bakeer et al., 2001) 
 
       
Figure 2.36: Load-displacement curves for the geotextile under 4.5 ft of fill geotextile-sand 
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Figure 2.37: Summary of pullout force of field pullout tests (after Chew et al., 2002 and 
Seah, 2003) 
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Chapter 3 – Laboratory Pullout Test Setup and Instrumentation 
 
3.1 Introduction to Laboratory Pullout Test Setup 
Laboratory pullout tests were designed to be close representative to the field pullout tests. 
In order to make comparison of the soil-geosynthetics interface properties, the testing 
parameters and conditions had to be maintained throughout all the laboratory pullout tests. 
A series of six laboratory based pullout tests were conducted. Laboratory pullout test setups 
refer to how the pullout tests were being formed in the laboratory. These involved the 
placing of the geosynthetics test pieces and embedment of the instruments at their 
designated positions. The instrumentations used are also described. 
 
3.2 Components of Laboratory Pullout Test Setup 
In this series of test, six numbers of laboratory pullout tests were conducted. While the 
pulling machine, clamping device, compactors, front facing element, instrumentation, data 
loggers and surcharging system remain the same. However, the type of soil and the 
geosynthetics test pieces were different according to that particular test requirement. 
 
3.2.1 Pullout Box 
A medium-scale pullout box was used throughout all the lab tests. The size of the pullout 
box was 1.1 m (length) x 0.65 m (width) x 0.6 m (height). Figure 3.1 shows the medium-
scale pullout box. There were two other pullout boxes available in NUS, one was a large-
scale pullout box, with the size of 1.5 m (length) x 1.5 m (width) x 0.835 m (height) and the 
other was a small-scale pullout box, with the size of 0.75 m (length) x 0.45 m (width) x 
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0.75 m (height). The medium-scale box was selected over the large-scale box because more 
number of tests could be carried out within the same period of time. The small scale pullout 
box was not preferred because of the associated boundary effects that would be too great. 
In addition, by using the medium-scale box, reasonable test piece size could be used.  
 
In Tests-L3 and L4, the pullout box was rotated 180 degrees so that the rear wall would 
now be the front. Then the upper portion of this new front panel was removed to achieve a 
larger opening in the front facing so that observation of possible slippage of the sand layer 
could be done. After that, the top of the new front face was secured with a strip of metal, as 
shown in Figure 3.2. This acted as a tie that prevented the box from deforming during the 
filling and compacting of soil. The box was then secured tightly at its position with 
strutting of wood pieces at the front and applying hydraulic jacks at the back as seen in 
Figure 3.3 and Figure 3.4 to secure the middle box in place. 
 
3.2.2 Pulling Machine 
The pulling machine consisted of an electrically driven hydraulic pulling machine that is 
shown in Figure 3.5. The pulling machine had a maximum traveling length of 300 mm. The 
pullout rate can be adjusted with a knob. It was specially designed to be able to provide and 
maintain a constant pullout rate at a low traveling speed. The pullout rate used for this 
series of tests was 2.5 mm/min. 
 
Farrag et al. (1993) found that with a pullout rate of 6 mm/min, the peak pullout force 
obtained was almost similar to the test that was performed with a pullout rate of 2 mm/min. 
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It was concluded that the displacement rate effects were minimized if rates of the order of 
less than 6 mm/min were used. Thus, he recommended that a pullout rate of less than 6 
mm/min be used. However, comparing results of 2 mm/min and 6 mm/min, there is still 
about 5% difference in the peak pullout force obtained. Therefore, 2.5 mm/min was chosen 
so to eliminate this 5% difference. Farrag et al. (1993) did only laboratory pullout tests. 
How different rate of pullout will affect field pullout test is not well understood. Hence, a 
much lower pullout rate of 1.0 mm/min to 1.5 mm/min were chosen for field pullout tests. 
In view that this research involved both field tests and laboratory test, low pullout rates 
were chosen in both the field and laboratory pullout tests. 
 
3.2.3 Clamping Device 
The clamping device connected the hydraulic pulling machine and the clamped side of the 
test piece. It consists of two main parts. The first part was the clamping plates that were 
used to clamp the clamped side of the test piece. The second part was the load cells that 
link the clamping plates to the front end of the pulling machine. The load cells were used to 
measure the pullout force. The clamping system is shown in Figure 3.6. 
 
The clamping plates consisted of three separate pieces of metal plates. The test piece was 
wrapped around the middle plate before it was clamped in between the other two remaining 
plates. Then bolts were penetrated through the designated elongated holes and secured 
tightly with nuts. It was important that the process of bolting the test piece did not result in 
the cutting of the woven polyester yarns which provides the tensile strength of the 
geotextile. The bolting holes were purposely elongated so that the bolts could be adjusted 
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to avoid the yarns. As for geogrid, similar clamping method is used. The bolts needed to 
avoid the cutting of longitudinal ribs or the main ribs. The load cells used were made of 
aluminum bars which had been checked for their tensile capacities, so as to ensure that they 
could carry the estimated pullout force.  
 
3.2.4 Compaction Method 
In order to achieve a suitable level of compaction, two different types of compactors were 
utilized. The first was the electrically driven mechanical compactor that is shown in Figure 
3.7 and the second one was a manual compactor or also known as a rammer that is shown 
in Figure 3.8. 
 
3.2.5 Pullout Sleeve 
For all the pullout tests, a sleeve was placed at the front wall. It served as to allow the 
geosynthetics test piece to slip out through the front wall and not served to minimize the 
wedge effect.  Another usage of the sleeve was to support the brick wall place above. The 
sleeve used can be seen in Figure 3.9. 
 
3.2.6 Front Facing Element 
In the construction of the actual slope, modular blocks were used to form the front facing. 
Due to this a brick wall was used to simulate the semi-flexible front facing for the 
laboratory pullout tests. During the very first pullout test (results not presented), the bricks 
were connected together using silicon glue. However, the brick wall, instead of being semi-
flexible as was intended, acted as a rigid front face. After that, the single length of the 
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individual bricks was halved by cutting the bricks. This was to allow a greater freedom of 
rotation for the bricks. Another step taken was to allow gaps in between the brick wall and 
the pullout box side walls. This was to ensure that the brick wall was able to translate 
during the pullout test. 
 
Sponges were placed in between the bricks. The sponges were to fill the gaps in between 
the bricks and also in between bricks and the pullout box side walls. At the same time, they 
acted as flexible joints for the bricks so that they could rotate about the joints. The finalized 
brick wall built-up is shown in Figure 3.10. 
 
3.2.7 Surcharging System 
Since the overburden pressure required was relatively low, dead weights were used to 
provide the surcharge. Initially, a sand layer was placed on top of the final residual soil 
level. This sand layer was to even the top surface. Then, a rigid plate was placed on top of 
the sand layer. Finally, dead weights were placed evenly on the rigid plate to achieve the 
required surcharge. Figure 3.11 shows the surcharging system. 
 
3.3 Instrumentation for Laboratory Pullout Test  
In order to study the pullout behavior of the pullout tests, it was pertinent that the changes 
of certain parameters were captured. These parameters included the pullout force, the 
clamp displacement, the geosynthetics elongation and stretching, the strain in the 
geosynthetics, the vertical and horizontal stresses and the pore water pressure. 
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3.3.1 Measurement of Pullout Force 
The pullout force was measured by using five aluminum load cells placed at the clamping 
device, as seen in Figure 3.12. Each aluminum bar had four strain gauges bonded to it, 
which were connected in a Wheatstone bridge circuitry. Each aluminum load cell was 
calibrated for their loading response by using a tensile test machine. 
 
3.3.2 Measurement of Clamp Displacement 
In order to measure the clamp displacement, two potentiometers of 200 mm range were 
placed at each of the legs that were supporting the clamp. When the pullout distance for a 
geosynthetics sliding failure was greater than 200 mm, the potentiometers were 
repositioned to capture the clamp movement of more than 200 mm. 
 
3.3.3 Measurement of Geosynthetics Elongation and Stretching 
In order to track the movement at some specific points of the geosynthetics, a telltale setup 
was set-up. This telltale setup was capable of tracking the movement at a certain point of 
the geosynthetics that was embedded in the soil. Each telltale was made up of five 
components. The first was a steel head which was mounted to a particular point of interest 
on the geotextile. The second component was a 0.4 mm diameter stainless steel piano wire 
that connected the steel head to a brass weight. The third part was a brass weight that 
connected the piano wire to the fourth part, a potentiometer. The fifth part was the pulleys 
that had been arranged to direct the piano wire. Piano wire was used because it did not 
hinder the movement of the geosynthetics as opposed to rods. The brass weight was to 
maintain the straightness of the piano wire. This was to ensure that displacement of that 
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particular point of the geosynthetics can be measured accurately. Figure 3.13 shows the 
telltale setup at the rear side of the pullout box. 
 
3.3.4 Measurement of Geosynthetics Localized Strain  
Here, the localized strain of the geosynthetics test piece was captured by the improved 
NUS strain gauging method which was developed through years of NUS strain gauging 
research. It was made up of five parts. The first part was the strain gauge itself which was 
type YFLA-20 with 120 Ω resistant. It was manufactured by Tokyo Sokki Kenkyujo Co. 
Ltd. of Japan. This strain gauge could elongate up to 20%. The second part was a terminal 
which was used to connect the strain gauge and the cable. The third part was the adhesive, 
Araldite that was used to glue the two ends of the strain gauge to a particular point of 
interest on the geosynthetics. This was so to allow the strain gauge to elongate better 
according to the extension of the geosynthetics test piece. The fourth part was a three-wire 
cable that was soldered to the terminal forming a quarter-bridge circuit. The fifth and the 
final part was silicon that was applied on the designated area of the geosynthetics and 
covers the strain gauge and the terminal. The silicon was of soft type and was used for the 
purpose of waterproofing and protection of the strain gauge.  
 
3.3.5 Measurement of Vertical and Horizontal Soil Pressure 
In order to compute the soil-geosynthetics interface frictional properties correctly, an 
accurate measurement of the vertical stress at soil-geosynthetics interface had to be done 
during the pullout test. Also for the study of the pullout behavior, it was important that the 
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changes of the vertical stress were tracked and captured. These requirements were satisfied 
by embedding total pressure cells into the soil.  
 
The total pressure cells used to measure the vertical pressure during the pullout test were of 
the model BE 1 KMZ15 from Kyowa Electronics Instrument Co. Ltd., Japan which is 
displayed in Figure 3.14. Each total pressure cell had four built-in strain gauges arranged in 
a Wheatstone bridge circuit. Its range of pressure capturing was from 0 to 100 kPa. Total 
pressure cell had to be calibrated in soil before they were used. This was because that in-
soil stress measured by total pressure cell was different from that of in-air or in-water 
measurement due to the arching effect of soil. Arching effect in soil causes non-uniform 
stress distribution over the surface of the total pressure cell. Hence, the total pressure cell 
tended to under register the actual load.  
 
To rectify this deficiency, in-soil calibration of the total pressure cells were done. Firstly, a 
container to place the soil and embed the total pressure cell was prepared. The container 
was reinforced to prevent lateral expansion and the inner walls were lubricated with grease 
to reduce side wall friction. Secondly, the container was half filled with soil and compacted 
by using a 4.5 kg rammer. Thirdly, a recess of the total pressure cell imprint was then dug 
so that the total pressure cell could be placed tightly inside. This was to prevent the cell 
from moving sideways or rotating during the compaction of the top layer of soil. Fourthly, 
a thin layer of soil that passed through a 600 µm sieve was placed directly above the total 
pressure cell to prevent large soil particles from creating isolated pressure points on the 
cells. Fifthly, the top layer of soil was placed and compacted. Sixthly, a top plate was 
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placed above the soil so as to achieve uniform pressure on the soil when it was loaded. 
Lastly, the setup was placed under a loading frame and different levels of loading were 
applied on the soil. The actual pressure applied by the loading frame was then compared 
with the pressure recorded by the total pressure cell. A graph was then plotted and hence 
the calibration factor was found. The total pressure cell calibration setup is shown in Figure 
3.15. 
 
Horizontal pressure cells were used to measure horizontal soil stress. The horizontal 
pressure cells were of the model KD-1MPS1, by Tokyo Sokki Kenkyujo Co. Ltd., Japan 
and can also be seen in Figure 3.14. 
  
3.3.6 Measurement of Pore Water Pressure 
A miniature pore pressure transducer (PPT) was used to record the changes of the pore 
water pressure. This miniature PPT was of PDCR 81 series which was manufactured by 
Druck Limited, UK. The PPT was calibrated for its in-air pressure changes response by 
using a special calibration machine provided by the same manufacturer. Before the PPT 
was embedded in the soil, its white porous tip was de-aired and kept in de-aired water. This 
was to prevent air bubbles from being trapped inside the porous tip and thus giving 
incorrect readings. 
 
Tensiometers were implanted in the soil to measure soil suction. Negative pore pressure 
was expected due to the use of partially saturated soil. The tensiometer was of type 
Soilmoisture Probe 2100F and was produced by Soilmoisture Equipment Corp, US. It can 
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be seen in Figure 3.16. The porous tip of the tensiometer was de-aired by forcing de-aired 
water through the tensiometer. After that, the porous tip was dipped in de-aired water 
before it was embedded in the soil. 
 
3.3.7 Data Logging System 
A strainmeter, TDS-303 which was manufactured by Tokyo Sokki Kenkyujo Co. Ltd., 
Japan was used to capture the readings of aluminum load cells, total pressure cells and 
strain gauges. The second data logger used was an Autonomous Data Acquisition Unit 
(ADU) by ELE International Ltd, UK. Miniature pore pressure transducers and 
potentiometers were connected to the ADU for data acquisition purpose. For the pullout 
test, both data loggers were adjusted to have the same clock time and data capturing 
frequency. The data capturing time interval is set to 10 seconds. Figure 3.17 shows the 
setup of the data logging system. 
 
3.4 Soil and Geosynthetics at Pullout 
Pullout specimens refer to the geosynthetics that were used in the pullout tests. However, 
both geosynthetics material and soil around it affect its soil-geosynthetics interface 
properties. Their combinations were tailored to that particular need of that specific test. 
 
3.4.1 Properties of Soil 
In the series of the pullout test, three types of soil were used. One of the soils was a residual 
soil that met the contractual requirements. The other was a residual soil that did not meet 
the contractual requirements. The third kind of soil was imported sand. 
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The contractual requirements of the residual soil that was to be used in field were based on 
NUS pullout test experience. The residual soil of this nature was thought to be of suitable 
backfill for geosynthetics reinforced soil wall/slope. The requirements on the backfill soil 
were that it possessed the percentage of fines of not more than 40% and a plasticity index 
of not more than 20. The first type of residual soil which was reddish-brown in color met 
the requirements. However, it was found to be of insufficient quantity later. The other kind 
of residual soil which was brownish in color was found to be of larger quantity but did not 
meet the contractual specifications. Hence, layered soil system using residual soil and sand 
was investigated. This brownish residual soil was found at field marked as Area B. Thus it 
was referred to as Area B soil. The summary of soil properties is found in Table 3.1. The 
soil particle distribution curves of reddish-brown and brownish residual soil are shown in 
Figure 3.18 and Figure 3.19 respectively. 
Table 3.1 Summary of the soil properties 




residual soil from 




soil from Bukit 
Batok site, Area B 
 
Percentage of fines 35% 75% < 40% 
Liquid Limit 42% 56% < 50% 
Plastic Limit 26% 38% < 30% 
Plasticity Index 16 18 < 20 
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3.4.2 Properties of Geosynthetics 
Geotextile and geogrid were used on the designated laboratory pullout tests. The geotextile 
used was known as PEC 200 which was manufactured by Polyfelt Ges.m.b.H, Austria. It 
was a high strength composite geotextile consisting of non-woven polypropylene sheet as a 
base with multi-filament polyester yarns stitched to it. The orientation of the reinforcement 
was unidirectional. The main tensile strength of the geotextile in its machine direction was 
200 kN/m and in its cross machine direction was 14 kN/m. As an improvement to the 
previous batch of PEC 200, cross-stitches were added to reduce the slippage of yarns from 
the base. PEC 200 can be seen in Figure 3.20. Other technical details of PEC 200 are 
presented in Appendix A. 
 
The determination of the size of the geosynthetics test piece takes into account the 
minimization of the boundary effects. The width of 300 mm of the test piece was arrived 
such as a 150 mm side clearance on both sides of the side walls was obtained. Instead of 
measuring the width strictly to 300 mm, the number of yarns was fixed. For this case it was 
36 yarns for a 300 mm width of sample. This was because the tensile strength of PEC 200 
was derived from the yarns. Thus, with the yarns being fixed, this parameter would be 
consistent for all the tests. The finalized dimension of the in-soil portion of the 
geosynthetics was 300 mm (width) and 950 mm (length). 
 
The geogrid used was known as GX 200/50 and was also manufactured by Polyfelt 
Ges.m.b.H, Austria. It was made from high tenacity polyester (PET) yarns which were 
covered with a black polymeric coating. This PET yarns provided its high tensile strength 
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and low creep characteristics. For a meaningful comparison, the tensile strength in its 
machine direction was also 200 kN/m and its strength in the cross machine direction was 
50 kN/m. Appendix A tabulates the technical details of GX 200/50. The width of geogrid 
was maintained at 300 mm wide with 8 numbers of main ribs or longitudinal ribs. 
 
3.4.3 Laboratory Pullout Test Configuration 
The laboratory pullout test configuration is summarized in Table 3.2. 
Table 3.2 Test configuration of laboratory pullout tests 
 




Test-L1 Suitable1 residual soil - Geotextile 
Test-L2 Unsuitable2 soil layered with sand 15mm Geotextile 
Test-L3 Unsuitable2 soil layered with sand 30mm Geotextile 
Test-L4 Unsuitable2 soil layered with sand 70mm Geotextile 
Test-L5 Suitable1 residual soil - Geogrid 
Test-L6 Suitable1 residual soil - Geogrid without T-
members 
1: Suitable residual soil refers to soil meeting the contractual requirements of having a 
percentage of fines not more than 40% and plasticity index of not more than 20. 
 
2: Unsuitable soil refers to the soil that does not meet the contractual requirements. 
 
3.5 Laboratory Pullout Test Procedure 
3.5.1 Preparation of Soil 
There were three types of soil that were being used for the laboratory pullout tests. These 
were two types of residual soils and one type of sand. A clause in the contractual 
requirements stipulated that the construction of the slope at the field had to achieve a 
compaction level of 90%. In order to achieve such a level of compaction for the laboratory 
tests, the optimum moisture content and the corresponding degree of compaction was first 
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obtained by using the miniature Harvard compaction tests. The dry density versus moisture 
content curves of reddish-brown and brownish residual soil are shown in Figure 3.21 and 
Figure 3.22 respectively. The summary of the test results is shown in Table 3.3. As such, 
the soil was tested prior to every pullout test, in order to ensure that the moisture content 
was within a suitable range to achieve at least 90% degree of compaction.  
Table 3.3 Summary of miniature Harvard compaction tests 
Property Soil Type   Soil Type 
Description Reddish-brown residual soil 
from Bukit Batok site, Initial 
excavation 
 
Brownish residual soil from 






moisture content (%) 
 
20.0 33.0 
Corresponding CBR 2 to 3 2 to 3 
 
The soil in the pullout box was compacted at 100 mm thick per lift. That would make sure 
that the soil was evenly compacted. Compaction of the soil was done by using both the 
mechanical and manual compactor. For each layer of soil, the mechanical compactor was 
first used to level the loose soil in the pullout box and to achieve a certain degree of 
compaction. Later the manual compactor was used to achieve the actual desired level of 
compaction. This method was adopted because it was found that within the confines of the 
pullout box, the mechanical compactor alone could not achieve the desired level of 
compaction due to the reduced ability of the mechanical compactor to maneuver. The level 
of compaction was checked by using a cone penetrometer where it measured the soils’ 
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California Bearing Ratio (CBR). A CBR with the range of 2 to 3 was found to correlate 
with a degree of compaction of about 90% during the initial pullout test. Therefore, the 
targeted CBR for each layer of compacted soil was set at a minimum of 2. The total height 
of the compacted soil was 0.6 m with 0.3 m of soil below and above the test piece. 
 
Only one sand layer was placed on top of the geotextile. The sand layer was relatively thin. 
Predetermined weight of this sand was used to fill the specific height from a constant 
falling height. Care was taken to ensure that the sand layer was evenly spread. A lift of 
residual soil immediately on top of the sand layer was compacted to the required degree of 
compaction. Hence, it was considered that the density of the sand was uniform and 
consistent. 
 
After every test, soil samples were cored out to measure their bulk density and moisture 
content. For each test, three soil samples were cored out from different levels within the 
pullout box. A summary of the results is given in Table 3.4. Test-L1, Test-L5 and Test-L6 
showed a good consistency in the degree of compaction among themselves. Also, Test-L2, 
Test-L3 and Test-L4 showed a good consistency in the degree of compaction among 
themselves. The difference in compaction level achieved could be due to the different type 
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Table 3.4 Summary of test results on bulk density and moisture content 







L1 15.0 19.2 97 
L2 41.0 17.3 87 
L3 41.0 17.1 87 
L4 42.0 17.6 86 
L5 14.7 19.9 96 
L6 15.5 20.5 98 
 
3.5.2 Preparation of Geosynthetics 
Preparation of the geosynthetics test pieces consisted of placing strain gauges and telltales 
on them. In the case of geotextile, certain treatment had to be made to the test piece prior to 
installation. 
 
a. Placement of Strain Gauges and Telltales 
It was predicted that more displacement and higher strain were most likely to happen at the 
geosynthetics near to the front face of the test piece. Therefore, higher concentration of 
instruments was on the geosynthetics test piece that was nearer to the front face. Thus, 
more strain gauges were placed closer together near to the front face. The telltales were 
placed in such a way, so that the changes of strain recorded by the strain gauge can be 
compared to the telltale system, i.e. each strain gauge is placed between two telltales. 
Hence, the average strain between the two telltales can be compared with the strain 
registered by strain gauges. The arrangement of the strain gauges and telltales are shown in 
Figure 3.23.  
Chapter 3 – Laboratory Pullout Test Setup and Instrumentation 
  80 
In the case of geogrid, telltale heads were installed at the junctions of the longitudinal and 
transverse members and each strain gauge was placed in between two telltale heads 
longitudinally as shown in Figure 3.24. Figure 3.25 and Figure 3.26 show the geotextile 
test piece and geogrid test piece with installed strain gauges and telltales respectively. 
 
At soil height of 0.3 m, the geosynthetics test piece would be placed on top of the soil and 
clamp to the clamping device. The cables coming out from the strain gauges were arranged 
in such a way that they would not interfere with the movement of the telltale piano wires. 
Concurrently, the piano wires for the telltales were lined up accordingly and straightened, 
attached to brass weights and connected to potentiometers. 
 
b. Treatment of Geosynthetics Test Piece 
Two areas of the geotextile test piece were treated with PVC glue prior to installation. The 
first was at the clamped end where the geotextile was rolled and then clamped. PVC glue 
was applied on the rolled area so that the polyester yarns would bond strongly with the 
non-woven base. This was to prevent slippage of yarns and to reduce damage to the 
geotextile when pierced with bolts. The second area was the other end of the geotextile 
which was embedded in the soil. This was done solely to prevent the yarns from slippage. 
The application of PVC glue on geotextile was done on Tests-L1, L2, L3 and L4. Figure 
3.27 shows the treated geotextile test piece at one of its end. 
 
As for geogrid test piece, no treatment of PVC glue was required. For Test-L5, the 
unaltered state of the geogrid test piece was used. However, for Test-L6, almost all the 
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transverse members of the geogrid test piece were cut. The transverse members that were 
not cut were the ones being at the clamped area and those transverse members did not 
affect the performance of the altered geogrid test piece. At the end of the embedded area of 
the geogrid test piece, a few transverse members were left to hold the test piece together in 
a rectangular shape. The transverse members left were about 10% of the total transverse 
members that were embedded in the soil as compared to the unaltered geogrid test piece of 
Test-L5. Figure 3.28 shows the altered geogrid test piece of Test-L6. 
 
3.5.3 Installation of Instruments 
a. Installation of Horizontal and Total Pressure Cells 
For each of the pullout tests, a total of four total pressure cells (TPC) and two horizontal 
pressure cells (HPC) were used. The arrangement of TPCs and HPCs can be seen in Figure 
3.29 and Figure 3.30. They were of the similar positions for all the tests. For Tests-L3 and 
L4, a smaller TPC was placed in between TPC3 and TPC4 in order to record the vertical 
pressure above the center of the geotextile. The installation of the pressure cells was carried 
out in the same manner as it was done during the calibration test. Therefore the calibration 
factor obtained was applicable to the pullout test. TPCs and HPCs were installed at prior 
determined level. Firstly, a depression that was about half the height of the TPC was dug 
and the TPC was placed in it tightly. This was done to prevent excessive movement of the 
TPC during compaction. After all the TPCs, at the same level, were positioned at their 
place, soil was poured and compaction of soil followed. 
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b. Installation of Pore Pressure Transducers and Tensiometers 
For each test, three miniature pore pressure transducers (PPT) and three tensiometers (TS) 
were used. Their positioning can be seen in Figure 3.29 and was consistent for all the 
pullout tests. In order to install the PPT or TS, a hole was drilled to the required level into 
the compacted soil. Then the PPTs or tensiometers porous tip were removed from de-aired 
water and inserted into the hole. After that the hole was covered up by using soil. Figure 
3.31 shows the PPTs and tensiometers after they were inserted into the soil. 
 
3.5.4 Preparation of the Top Finished Surface 
Uneven top finished surface would cause non-uniform stress distribution when the 
surcharge was applied on it. For compacted residual soil, it was difficult to get a uniform 
surface for that purpose. Therefore, a layer of fine sand was used instead to level the top 
finished surface. Sand was easier to level.  
 
3.5.5 Data Logging System 
The data logging system, strainmeter and ADU were started concurrently for all the pullout 
tests together with the start of the pulling machine. The data was logged at 10 seconds 
interval. That interval was deemed to be appropriate for the changes in the readings to be 
captured by the instruments. 
 
3.6 Concluding Remarks 
A series of six laboratory pullout tests were conducted. They were conducted on geotextile 
and geogrid in suitable residual soil and also on geotextile in layered soil system. For all 
Chapter 3 – Laboratory Pullout Test Setup and Instrumentation 
  83 
series of laboratory pullout tests, the pulling machine, clamping device, compactors, front 
facing element, instrumentations, data loggers and surcharging system remained the same. 
However, the type of soil and the geosynthetics test pieces were varied in various tests 
accordingly to the specific objective designed.  
 
Extensive instrumentations were installed to measure the pullout force, clamp 
displacement, geosynthetics strain development, vertical and horizontal soil pressure and 
pore water pressure. The pulling rate for all the laboratory pullout tests was maintained at 
2.5 mm/min. The instruments were carefully installed in order to capture the actual 
behavior of the pullout test. The dimension of the “in-soil” portion of the geosynthetics was 
0.3 m (width) by 0.95 m (length).  
 
Laboratory pullout test setup was designed to eliminate or minimize the boundary effects. 
This included the determination of the size of the geosynthetics test piece so that a 150 mm 
side clearance was obtained. Low and consistent pullout rate was maintained in order to 
achieve peak pullout force that was not affected by the pullout rate. Compaction was done 
in the same way for all the tests. Cored soil samples were taken for every test and moisture 
content was measured. This was to ensure consistency of compaction. Geotextile test piece 
was clamped in such a way that the yarns were not damaged. The installation of total 
pressure cells was carried out in the same manner as it was done during the calibration test 
so that the calibration factor was applicable. 
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Figure 3.1: The medium-scale pullout box 
 
 
Figure 3.2: A strip of metal securing the top of the pullout box 
Metal Strip 
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Figure 3.4: Hydraulic jack used to prop the rear of the pullout box 
Hydraulic Jacks
Wood Strutting
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Figure 3.5: Electrically driven hydraulic pulling machine 
 
 
Figure 3.6: Clamping device of the laboratory pullout test 
Clamping Plates 
Load Cells 
Front End of 
Pulling Machine 
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Figure 3.7: Electrically driven mechanical compactor 
 
 
Figure 3.8: A manual compactor or a rammer 
Manual Compactor
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Figure 3.9: The pullout sleeve used 
 
 
Figure 3.10: The built-up of the brick wall 
Pullout Sleeve 
Chapter 3 - Laboratory Pullout Test Setup and Instrumentation 
  89 
 
Figure 3.11: The surcharging system 
 
 
Figure 3.12: A load cell made from aluminum bar and strain gauges 
Dead Weights 
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Figure 3.13: Telltale setup at the rear side of the pullout box 
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Figure 3.15: Total pressure cell calibration setup 
  
     (a)      (b)  
Figure 3.16: (a) Porous tip of the tensiometer and (b) Dial gauge of the tensiometer 
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Figure 3.17: Data logging system of laboratory pullout test 
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Figure 3.18: Soil particle distribution of reddish-brown residual soil from Bukit Batok 
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Figure 3.19: Soil particle distribution of brownish residual soil from Area B Bukit Batok 
 
 
   
(a) (b) 
Figure 3.20: (a) Bottom and (b) Top surface of geotextile PEC 200 
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Figure 3.21: Dry density versus moisture content curve of reddish-brown 
residual soil from Bukit Batok 
 
 



















Figure 3.22: Dry density versus moisture content of brownish residual soil 
from Area B Bukit Batok 
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Figure 3.23: Arrangement of strain gauges and telltales on geotextile test piece 
 
Figure 3.24: Arrangement of strain gauges and telltales on geogrid test piece 
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Figure 3.25: Geotextile test piece with installed strain gauges and telltales 
 
 
Figure 3.26: Geogrid test piece with installed strain gauges and telltales 
 
Chapter 3 - Laboratory Pullout Test Setup and Instrumentation 
  97 
 
Figure 3.27: Treated geotextile test piece at one of its end 
 
  
Figure 3.28: Altered geogrid test piece of Test-L6  
 
Treated End of Geotextile
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Figure 3.30: Layout of laboratory pullout test instrumentation scheme  
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Chapter 4 – Field Pullout Test Setup and Instrumentation 
 
4.1 Introduction to Field Pullout Test Setup 
Field pullout tests are the actual representation of the pullout behavior of the geosynthetics. 
They serve as a reference yardstick for laboratory pullout tests to emulate. A special pullout 
test setup was designed and fabricated to cater for the field tests. A series of four field 
pullout tests were conducted. They were performed on different type of geosynthetics and 
different soil saturation conditions, i.e. in “dry” soil condition (soil with near optimum 
compaction moisture content) and in “wet” condition (soil was ponded with water to full 
saturation).  
 
4.2 Components of Field Pullout Test Setup 
A sophisticated pullout test system was designed and assembled for the test. This system 
consisted of a high-precision pulling machine, a special clamping device, supporting frame 
and a telltale setup. Figure 4.1 shows the sophisticated pullout test system. In addition, an 
extensive set of instruments were installed in the soil and on the geotextile and geogrid test 
pieces in order to capture the behavior and mechanism of the field pullout test. There were 
mainly two categories of sensors. One was the resistance type and the other was the 
vibrating wire type. 
 
4.2.1 Pulling Machine  
A high precision constant rate pullout test machine was specifically fabricated to perform 
the field pullout tests. The pullout test machine can be seen in Figure 4.2. The pullout 
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machine operated on a hydraulic system which was powered by DC power supply. The 
pullout rate could be changed by adjusting the flow rate of the fluid in the shaft cylinder. 
That hydraulic system could provide the pulling at a very slow and constant rate of as low 
as 1 mm/min throughout the whole duration of the test. The pulling shaft could travel 
inwards and outwards of the shaft cylinder for a distance of 300 mm. 
 
The pullout rig consisted of a triangular shape steel frame and horizontally placed “H” 
frame. The pulling machine was mounted on a horizontally placed “H” frame by long bolts. 
The “H” frame was in turn fixed on a triangular shape steel frame. The “H” frame can be 
adjusted upwards and downwards. The triangular shape steel frame was bolted to the 
specially cast concrete floor. Sand bags were placed on the triangular steel frame to 
increase the stability of pulling machine when it was in working condition. Sand bags were 
also acted as a support to the pulling machine when upwards and downwards adjustments 
were made to the “H” frame.  
 
4.2.2 Clamping Device 
A special clamping device was designed and constructed based on previous NUS 
experience on pullout tests. Figure 4.3 shows the clamping device developed by NUS. In 
order to achieve a correct pullout of the geosynthetics test pieces, the major consideration 
was the geosynthetics test pieces needed to be clamped firmly and uniformly across the 
width of the test pieces. Clamped in such a way that for geotextile, without cutting the 
yarns and for geogrid without damaging the main ribs. 
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The clamping device consisted of two mild steel front clamping plates, a mild steel rolling 
plate, three aluminum spacer plates, four resistance type load cells, two mild steel back 
clamping plates and one vibrating wire type load cell. The clamping plates were designed 
to sufficient stiffness in order to withstand the estimated pullout load. The bolting holes of 
the front clamping plates, rolling plate and spacer plates were elongated in order that the 
bolts can be adjusted to avoid punching through the woven polyester yarns of the geotextile 
and the longitudinal members of the geogrid. The polyester yarns and the longitudinal 
members provided the strength in the machine direction of the geotextile and geogrid 
respectively. Hence, it was important that in the process of bolting the clamping the 
geosynthetics test pieces, the yarns and the main members were not cut. Furthermore, the 
bolting holes were staggered along two rows so that uniform clamping of the geotextile and 
geogrid could be achieved. The top view of the clamping device is shown in Figure 4.4. 
 
The front clamping plates were the actual clamps that clamped the geosynthetics test 
pieces. The rolling plate served as rolling up the geotextile and geogrid at the clamped end. 
The spacer plates were used to adjust the geosynthetics test pieces to be in alignment with 
the line-of-application of the pulling force. Two other clamping plates formed the back 
clamp. One of the back clamps had four stands with rollers at the end of the stands. The 
stands were provided so that the back clamp can be supported on the pullout table and 
prevent the geosynthetics test pieces from sagging. The rollers were to allow the back 
clamps to travel smoothly on the table with minimum friction. 
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The load cells were used to measure the actual pullout force. Four resistance type load cells 
connected the front clamps and the back clamps in a pin-jointed manner. A vibrating wire 
type load cell was connecting the back clamps to the pulling shaft. All connections were 
pin-jointed. That was to ensure that the pullout load was transferred in mono-direction 
only.  
 
4.2.3 Supporting Frame 
A special adjustable pullout table, capable of fine adjustment of level was fabricated for the 
field pullout test. Fine adjustment could be made on the supporting table to achieve precise 
alignment between the clamping device and the geosynthetics test pieces. The table was 
sturdy and heavy so that it would not move or shake when the pullout test was being 
performed. The pullout table however, was not bolted to the ground nor designed to be so. 
The table was long enough to allow for sufficient traveling length of the pulling out of 
geosynthetics test pieces.  
 
There were extensions at the left side and the right side of the pullout table. The extensions 
served to support the two front LVDTs. The rectangular frame that formed the telltale setup 
was welded to the front end of the table. The table also supported an extension at the front 
end. That front extension was used to support the “Y” fork section which prevented the 
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4.2.4 Telltale Setup 
An improved telltale setup was made for the field pullout tests. The main improvement to 
the telltale setup was that the system enabled a 100 mm potentiometer to measure 200 mm 
easily. The telltale setup consisted of 5 piano wires coming out from the geosynthetics test 
piece, five brass weights, two sets of pulleys forming the telltale pulley system, i.e. upper 
pulley set and lower pulley set, five 100 mm linear-motion potentiometers which were 
manufactured by Sakae of Kanagawa, Japan and a rectangular frame. Figure 4.5 shows the 
telltale setup of the field pullout test. 
 
Each of the piano wires was tied to the brass weight. The piano wires were then brought 
through the lower pulley system and the upper pulley system according to this sequence. 
The brass weighs in turn were screwed to the potentiometers. The potentiometers were 
slotted into the embedded slots of the acrylic plate. There were five pulleys forming each of 
the pulleys set. The lower pulley set was prevented from bending upwards and outwards by 
the “Y” fork section. The upper pulley set was prevented to bend downwards by steel wires 
tied to the upper square section. Figure 4.6 shows the cross section of the telltale setup. 
 
4.2.5 Modular Block Facing Wall 
The modular block was of AB Three type, a product by Allan Block Corporation. The 
dimensions of a single block were 460 mm (length) x 305 mm (width) x 200 mm (height). 
A single modular block weighted about 34 kg. The color of the block was grayish. A new 
feature of the AB Three modular blocks was that it made a setback of only 3 degrees as the 
blocks were stacked.  
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The facing wall was built by stacking the modular blocks staggered on each other. 
Geotextile layers that were within the facing wall height were inserted in between the 
modular blocks. No pin connectors were placed in between the modular blocks or between 
the geotextile and the modular blocks. The hollow gaps within the modular blocks were 
filled with gravel. Figure 4.7 shows the modular block facing wall at field. 
 
4.2.6 Ponding System 
In order to achieve the desired “wet” soil condition, water had to be artificially pumped 
into the soil near the soil-geosynthetics interface. This was to ensure that the soil at the soil-
geosynthetics interface would achieve saturated condition. Simply by pouring water on the 
top of the slope would not achieve ponding condition at the soil-geosynthetics interface 
since residual soil had low permeability and the top layer of geotextile used to build the 
surcharge would drain away the water. Therefore, during the construction stage of the 
slope, drainage pipes, wrapped with geotextile filters, were buried in the soil just above the 
geosynthetics test pieces. That was done specifically for tests labeled as Test-F2 and Test-
F4.  Figure 4.8 shows the drainage pipe being placed and buried in the soil.   
 
For each of the ponding system, there were two vertical 25 mm diameter incoming PVC 
drainage pipes. Each of the pipes was then branched into two horizontal perforated 25 mm 
diameter drainage pipes. The horizontal pipes span along the embedded length of the 
geosynthetics test pieces. They were wrapped with geotextile so that soil would not clog up 
the holes of the pipes. One water tank was placed on top of the surcharge for each of the 
tests. The water tank was connected to the vertical pipes by clear hose. There was a tap 
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built into the water tank to control the flow rate of water. Water was pumped from the 
nearby pond to the tanks. Figure 4.9 shows the ponding system after the surcharge was 
built. 
 
When the slope was built-up, water was channeled into the pipes from a tank on top of the 
surcharge through a piping system for about a week before the pullout test and 
continuously during the pullout test. That was done specifically on Test-F2 and Test-F4. It 
can be seen in Figure 4.10 that the soil at the interface was soften. 
 
4.3 Instrumentation for Field Pullout Test 
Extensive instruments or sensors were installed in the soil and on geosynthetics test pieces 
in order to capture the behavior and mechanism of the field pullout tests. Figure 4.11 shows 
the layout of the instrumentation scheme. Figure 4.12 shows the cross section of the 
instrumentation scheme. The legend of various instruments will be explained in the 
following paragraphs. 
 
4.3.1 Measurement of Pullout Force 
The pullout force was measured by using four self-designed and manufactured resistance 
type load cells (LC) as seen in Figure 4.13. This series of load cells connected the front 
clamp and the back clamp. High grade Aluminum was used to make the load cells because 
of its sensitivity to the changed of strain and its ability to withstand higher tensile load. 
Each load cell had four Tokyo Sokki Kenkyujo Co. Ltd. (TML) strain gauges being bonded 
to it in a Wheatstone bridge circuit manner. They were calibrated and checked for their 
Chapter 4 - Field Pullout Test Setup and Instrumentation 
  107 
tensile strength capacity by using an Instron tensile machine. A vibrating wire type tension 
load cell (Geokon, USA) was also placed in between the back clamp and the pulling shaft 
to capture the pullout force. Figure 4.14 shows the vibrating wire type tension load cells. 
 
The pullout force registered by the resistance type load cells was compared to the 
displacement registered by the resistance type LVDTs. The pullout force registered by 
vibrating wire type load cell was compared to the vibrating wire type LVDTs. The pullout 
force captured by two types of instruments can serve as a comparison. 
 
4.3.2 Measurement of Clamp Displacement 
Two types of linear variable displacement transducer (LVDT) were used in the field tests. 
The first one was the resistance type 200 mm LVDTs were placed at the front clamp to 
track the displacement of the front clamp during the pullout test as seen in Figure 4.15. The 
LVDT was being held in place by magnetic stand, S-clamps and fork-clamps. Resistance 
type LVDTs were repositioned once the traveling length was reached. 
 
The second type was vibrating wire type displacement transducers. Vibrating wire type 
LVDTs were used to measure the back clamp displacement. Figure 4.16 shows the 
vibrating wire type LVDTs. The range for that type of LVDTs was 300 mm. Both the 
LVDTs were mounted at the left and right side of the horizontally placed “H” frame of the 
pullout rig. The other end of the LDVT was hooked on the back clamp. No repositioning of 
the vibrating wire type LVDTs throughout the running time of the pullout test. 
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4.3.3 Measurement of Front Wall Displacement 
The front wall movements were monitored by two 30 mm potentiometers with built-in 
spring from Sakae of Kanagawa, Japan. One was measuring the modular block above the 
pullout sleeve and the other was measuring the modular block below the pullout sleeve. 
Another similar type of 30 mm potentiometer was used to measure the movement of the 
pullout sleeve. The potentiometers were fixed at their designated locations by using steel 
rods and S-clamps.  
 
4.3.4 Measurement of Geosynthetics Elongation and Stretching 
Telltale setup was installed to monitor the movement of some specific point of the 
geosynthetics test piece. Section 3.6.4 gave an elaborative account on the telltale setup. The 
telltale piano wires were connected to the points of interest on the test piece which were 
called telltale heads. 
 
Telltale heads were designed to be placed in between strain gauges. That meant that one 
strain gauge was placed in between two telltale heads. That was to make comparison on the 
strain of that particular location. For geotextile, two one inch squared and thin steel plate, 
clamped in between the geotextile with a stiff wire crossing the centre of the steel plate to 
form the telltale head. A piano wire was tied to the stiff wire in between the steel plate and 
the geotextile text piece.  Sticking close to the geotextile, the piano wire was lead out to the 
front of the pullout piece. Figure 4.17 shows the telltale head on geotextile.  
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As for geogrid, stiff wire was tied to the ribs junction in an “X” cross manner. The piano 
wire was then tied to the centre of the “X” cross and similarly the piano wire, sticking close 
to the geogrid was lead out to the front of the pullout piece. Figure 4.18 shows the telltale 
head on geogrid. Telltale piano wires that were considerably long were encased in hollow 
quarter inch diameter steel tubes. A gap of 300 mm was allowed for in between the telltale 
head and the steel tube. That was to ensure that the telltale head could move without 
hindrance.  
 
4.3.5 Measurement of Geosynthetics Localized Strain 
Strain gauges that were attached to the geosynthetics test piece were meant to measure the 
local strain of certain particular locations. For each geosynthetics test piece, fifteen 
resistance type strain gauges (labeled as S1 to S15) were installed at various strategic 
locations of the geosynthetics test piece to record the strain development. The improved 
NUS strain gauging method was described in detail in Section 3.3.4.  
 
One vibrating wire strain gauge (VWS), model VK4100 manufactured by Geokon of USA 
was also placed on each geosynthetics test piece. Vibrating wire strain gauge served as a 
comparison to the resistance type strain gauge. Figure 4.19 and Figure 4.20 shows the 
strain gauges attached to the geotextile test piece and geogrid test piece respectively. 
 
4.3.6 Measurement of Vertical and Horizontal Soil Pressure 
For each of the field pullout test, four vertical total pressure cells (TPC) were embedded in 
the soil to record the changes of the vertical load, especially during the pullout test. One 
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horizontal total pressure cell (HPC) was placed near to the front modular block wall to 
monitor the changes of the horizontal soil pressure.  
 
Figure 4.21 shows the resistance type TPC. Two resistance type TPCs were placed in front 
and at the centre of the geosynthetics test piece as shown in Figure 4.11 and 4.12. The 
TPCs were of type KDE-500KPA of Tokyo Sokki Kenkyujo Co. Ltd (TML) of Japan. The 
pressure capacity of that type of TPC was 500 kPa. The resistance type HPC used for the 
four tests were of type KD-500KPS2 and KD-1MPS1. Both were also from TML of Japan. 
They had pressure capacity of 500 kPa and 1000 kPa respectively. 
 
Figure 4.22 shows the vibrating wire type TPC. One was placed at the end of the 
geosynthetics test piece and the other was placed outside of geosynthetics test piece with 
not much changes to the stress was expected during the pullout test. The TPC that was 
placed outside served as a comparison. The vibrating wire type TPC was from Geokon of 
USA and the pressure capacity was 350 kPa.  
 
4.3.7 Measurement of Pore Water Pressure 
In order to measure the pore water pressure of the soil, one piezometer (PZ) or pore 
pressure transducer was placed below the geosynthetics test piece. A resistance type pore 
pressure transducer was used for Test-F2 and Test-F4 where the soil was ponded with 
water. Figure 4.23 shows the resistance type piezometer. They were of type KPA-500KPA 
of TML, Japan and their pressure capacity was 500 kPa. A vibrating wire type pore 
pressure transducer was used for Test-F1 and Test-F3. They were of Geokon, USA and 
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their pressure capacity was 1500 kPa. Figure 4.24 shows the vibrating wire type 
piezometer. 
 
A miniature pore pressure transducer (PPT) was placed on top of the geosynthetics test 
piece to record the changes of pore water pressure. It was from Druck Ltd., UK. One 
tensiometer (TS) was implanted in the soil to measure soil suction. The tensiometer was 
manufactured by Soilmoisture Equipment Corp., US. TPC measured the total stress 
experienced by the soil. Pore pressure transducer and tensiometer measured the pore water 
pressure. By this mean the effective stress can be obtained by subtracting total stress with 
pore water pressure. 
 
4.3.8 Measurement of Soil’s Temperature Changes 
Two thermocouples (TM) were placed in the soil for each of the test to measure the soil 
temperature. One was placed at the front and the other was placed at the back of the 
geosynthetics test piece. They were placed to detect any significant changes to the 
temperature during pullout of test pieces. 
 
4.3.9 Data Logging System 
Extensive instrumentation was accompanied by the state-of-the-art data loggers. These data 
loggers had the ability to continuously capture the data from the sensors throughout the 
whole duration of the test. During the monitoring stage i.e. the building up of the surcharge 
to 2 m high, one strainmeter, TDS-303, a handheld portable strainmeter, TC-21K model 
232 and a Vibrating Wire Readout Unit, GK-403 were used. Both strainmeters were 
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manufactured by Tokyo Sokki Kenkyujo Co. Ltd., Japan. While, the Vibrating Wire 
Readout Unit was manufactured by Geokon, USA. Selected sensors were connected to the 
30 channels strainmeter and monitored for 24 hours a day and 7 days a week. That was 
made possible by housing the strainmeter in a specially designed waterproof steel box at 
the field. Certain sensors had their readings taken once a day by using the handheld 
portable strainmeter and vibrating wire readout unit for the resistance type instruments and 
the vibrating wire type instruments respectively. 
 
During the pullout test, two strainmeters, TDS-303, Tokyo Sokki Kenkyujo Co. Ltd., 
Japan, were used. Figure 4.25 shows the strainmeters being utilized during field pullout 
test. One of the strainmeters could accommodate up to twenty sensors and the other can 
connect onto ten sensors. They were meant to record data of resistance type sensors. A 
laptop was connected directly to one of the strainmeter by using a RS-232 cable with 
Statics Measurement Software for the purpose of real-time monitoring. Data was captured 
at 10 seconds interval and saved periodically.   
 
For the field pullout test, a vibrating wire data logger connecting to a laptop was used to 
retrieve vibrating wire type sensors data. The vibrating wire data logger was known as 
CR10x data logger system. It was made up of a CR10x control module, AM16-32 
multiplexer, AVW1 vibrating wire interface and 12V DC power pack. A software called 
PC208w, version 3.2 – Data logger Support Software was used to control the data logger. 
Figure 4.26 shows the vibrating wire data logger. In addition to that, an Autonomous Data 
Acquisition (ADU) unit, produced by ELE International Ltd., UK together with a laptop 
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was utilized to collect data of potentiometers and miniature pore pressure transducer. The 
ADU was operated by software called Dialog Autonomous Data Acquisition (DADU). 
Figure 4.27 shows the ADU with the laptop connecting to it.  
 
Further to the data loggers, three laptops were commissioned at the field to provide the 
ability for post processing work and real-time monitoring of the sensors. Plotting of graphs 
was done on the spot and greatly enhanced the ability of monitoring the test to ensure a 
successful test run. Altogether, six laptops were used simultaneously at any one pullout 
test. 
 
4.4 Soil and Geosynthetics at Pullout 
4.4.1 Properties of Soil 
Residual soil was used as backfill material in the construction of the geosynthetics 
reinforced soil wall at Bukit Batok. Before the geosynthetics test pieces were laid, CBR 
probe was done to estimate the shear strength of the soil. The average CBR number 
registered was 5.7. The pullout tests were performed after the surcharge reached 2 m. The 
average bulk density of the soil was 21.0 kN/m3. 
 
The pullout tests were conducted in two different soil conditions. One soil condition was in 
the “dry” state where it was defined as the soil having near to optimum compaction 
moisture content. The optimum moisture content is 14%. Test-F1 and Test-F3 were 
performed in the “dry” state where the moisture content of the soil was 20.0% and 17.9% 
respectively. The second soil condition was in the “wet” state where it was defined as the 
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soil being ponded with water to full saturation. Test-F2 and Test-F4 were performed in the 
“wet” state where the moisture content of the soil was 41.5% and 41% respectively. The 
residual soil particle size distribution curve is shown in Figure 4.28. Its plasticity is 
tabulated in Table 4.1. The combined consolidated-undrained (CU) and consolidated-
drained (CD) tests results shows that the soil friction angle, ø equals to 36º and the soil 
cohesion, c equals to 6 kPa as indicated in Figure 4.29. Figure 4.30 shows the vertical 
stresses versus strain curves. The soil residual friction angle, ør equals to 33º and the 
residual cohesion, cr equals to 6 kPa. 
Table 4.1 Plasticity of reddish-brown residual soil from Bukit Batok 
 
Reddish-brown residual soil from Bukit Batok 
Liquid Limit, LL      42% 
Plastic Limit, PL 26% 
Plasticity Index, PI (PI = LL – PL) 16 
 
4.4.2 Properties of Geosynthetics 
Geotextile and geogrid used for the field pullout test were similar to that of the laboratory 
pullout test. They were geotextile PEC 200 and geogrid GX 200/50. Both were 
manufactured by Polyfelt Ges.m.b.H, Austria. The specifications were the same as that 
described in Section 3.4.2. However, the dimensions of the test piece were different. The 
total dimension of the test piece was 500 mm wide by 2150 mm long. Due to the usage of 
sleeve, the embedded length was 1650 mm long. Therefore, the finalized in-soil portion of 
the test piece was 500 mm wide by 1650 mm long. 
 
4.4.3 Field Pullout Test Configuration 
The field pullout test configuration is summarized in Table 4.2. 
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Table 4.2 Test Configuration of Field Pullout Tests 





Test-F1 Residual soil 20.0 “Dry” Geotextile 
Test-F2 Residual soil 41.5 “Wet” Geotextile 
Test-F3 Residual soil 17.9 “Dry” Geogrid 
Test-F4 Residual soil 41.0 “Wet” Geogrid 
 
4.5 Field Pullout Test Procedure 
4.5.1 Field Tests Performed 
Preparation work for the field pullout test in the laboratory was done as early as February 
2003. The preparation work involved finalizing the instrumented geosynthetics test pieces 
and treatment of certain instruments. The actual day of laying the geosynthetics test pieces 
and installation of instruments depended on the state of the compacted soil at the 
geosynthetics laying level at field and the condition of the weather.  
 
Laying of geosynthetics test pieces and installation of instruments were done on the 22 
May 2003. On that day, all materials and equipments were carefully transported to the 
field. It was especially crucial for the geosynthetics test pieces since they were heavily 
instrumented. Hence, the geosynthetics test pieces were individually tied to timber planks 
while being transported to the field.  
 
After the geosynthetics test pieces were laid, they were covered with soil. Compaction was 
ensured. Later, the sensors were installed and embedded at their designated positions. Soil 
was further poured and compacted to act as surcharge. The surcharge had geotextile layers 
at 600 mm interval high forming a geotextile soil wall with geotextile wrapped-around 
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facing. Compaction and building up the surcharge above the geotextile test piece was from 
period 22 May 2003 to 13 June 2003. Throughout that period the instruments were 
monitored. Monitored of data for selected sensors were done 24 hours a day and 7 days a 
week from 23 May 2003 to 29 July 2003. Other sensors readings were taken once every 
day. 
  
For each of the pullout test, a special pullout rig needed to be mounted on the pullout test 
location. The same pullout rig was used for the series of the field test. Therefore, the 
pullout rig needed to be shifted accordingly. The mounting of the pullout rig for Test-F1 
was done on the 4 June 2003. The first field pullout test, labeled as Test-F1, was a pullout 
test on geotextile PEC 200. It was performed with a “dry” soil condition i.e. soil with near 
optimum water content. That test was conducted successfully on the 26 June 2003. The 
working of Test-F1 is seen in Figure 4.31. 
 
The subsequent test performed was Test-F3. This was due to a practical reason because 
Test-F3 although being a pullout test performed on different geosynthetics i.e. geogrid GX 
200/50, it was performed also with a “dry” soil condition. As such, the condition of the soil 
was not disturbed. The mounting of the pullout rig of Test-F3 was done on the 2 July 2003. 
This test was conducted successfully on the 4 July 2003. The pullout test of Test-F3 is 
shown in Figure 4.32. 
 
Test-F2 and Test-F4 were performed in “wet” condition in which the soil at the 
geosynthetics-soil interface was at its full saturation state. The soil next to the 
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geosynthetics test pieces had to be deliberately ponded with water before and during the 
pullout test. Mounting of the pullout rig of Test-F2 was done on the 12 July 2003. Test-F2 
was performed on geotextile PEC 200 in “wet” condition i.e. soil with near optimum water 
content. The test was successfully completed on the 17 July 2003. Figure 4.33 shows the 
conduct of Test-F2. 
 
The fourth and final pullout test was performed on geogrid, GX 200/50 and was labeled as 
Test-F4. This pullout test was done in “wet” condition i.e. the soil next to geogrid had been 
ponded with water before and during the pullout test to its full saturation state. The 
mounting of the pullout rig of Test-F4 was on 23 July 2003. This test was successfully run 
on the 25 July 2003. Figure 4.34 shows the running of Test-F4. 
 
4.5.2 Preparation of Soil, Surcharge and Ponding 
In-situ residual soil at Bukit Batok site was used as the backfill. Soil was compacted using 
a roller compacter at every lift of 300 mm thick. Figure 4.35 shows the roller compactor 
being used in the field. At every lift of 300 mm fill, the contractor performed density test to 
ensure that compaction achieved 90% standard proctor test. At every 600 mm thick of soil 
slope/wall being built, a layer of geosynthetics was being laid. The edge of the geotextile 
PEC 200 was terminated in between stacked modular blocks which served as the facing of 
the geotextile reinforced soil wall. NUS geosynthetics group conducted CBR probing on 
the compacted soil before the geosynthetics test pieces were laid. The CBR probe readings 
obtained were ranged from 4 to 6. Figure 4.36 shows the CBR probing at the field. 
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After the geosynthetics test pieces were laid and the instruments installed, soil was further 
added to construct a 2 m high surcharge. The soil was compacted as before at every 300 
mm thick lift. Again, at every 600 mm thick of surcharge that was being built, a layer of 
geotextile PEC 200, was laid on the soil. The 2 m high surcharge did not have modular 
blocks facing. Therefore, geotextile was wrapped around the surface of the soil and the 
edge of the geotextile was anchored in soil at the next layer of geotextile. Figure 4.36 
shows the geotextile being wrapped and anchored. Figure 4.38 shows the completed 
surcharge. Pullout tests, Test-F1 and Test-F3 were conducted after the 2 m surcharge was 
completely.  
 
As for Test-F2 and Test-F4 which were designed to be pullout tests performed in “wet” soil 
condition, the soil at the interface of soil-geosynthetics needed to be in saturated condition. 
In order to achieve that, water was feed into the implanted piping system. Before water was 
put into the PVC pipes, a mixture of Kaolin clay and residual soil was used as a plug at the 
ends of the PVC pipes and at the front of the geosynthetics test piece. That was to ensure 
that the ponding was effective. Initially, water was pumped from a nearby pond to the tanks 
that were located on top of the surcharge. Then, water from the tanks was channeled down 
through PVC pipes to the soil directly on top of the geosynthetics test pieces via horizontal 
perforated PVC pipes. Water was poured for about a week and continuously throughout the 
whole duration of the pullout test, achieving and maintaining saturated to ponded soil 
condition. Figure 4.39 shows the softened soil at the ponding area. 
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4.5.3 Preparation of Geosynthetics 
Preparation of the geosynthetics test pieces involved the placing of strain gauges and 
telltales on them. Similar to the laboratory test, treatment had to be made to the geotextile 
test pieces before they were transported to the field. 
 
a. Placement of Strain Gauges and Telltales 
Preparation of the geosynthetics test pieces were done in the laboratory. As with the 
laboratory test, it was predicted that the geosynthetics test piece would stretch more at its 
front portion. It was also thought that the stretching would be less prominent towards the 
end of the geosynthetics test piece. In-air strain and in-soil strain were also expected to be 
different. Therefore, the configuration of the strain gauges were fashioned according to the 
three rules mentioned above. Two strain gauges were placed outside the embedded part of 
the geosynthetics test piece. Two strain gauges were placed within the steel pullout sleeve. 
As for the strain gauges placed at the portion of geosynthetics test piece inside the soil, they 
had closer spacing at the beginning and being placed more sparsely when towards the end 
of the geosynthetics test piece.  
 
The geosynthetics test pieces were individual tied to a timber plank in the laboratory. This 
was to facilitate the transportation of the test pieces to the field. During transportation time, 
proper care was adopted to handle them. They were laid flatly at the designated level at the 
field. After the test pieces were laid, all the instrumentation cables were spread out. 
Initially, the cables were identified and straightened. Then the cables were made to form 
loops. This was to ensure that the cables would not be stretched during the pullout test. 
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They were housed together in a 1.2 m long and 50 mm diameter PVC pipe. The PVC 
casing was then guided to have its opening at the front face of the geotextile reinforced soil 
wall. Cables coming out of the PVC casing can then be connected to the respective data 
loggers.  
 
b. Treatment of Geosynthetics Test Piece 
Like the laboratory test, two areas of the geotextile test piece were treated with PVC glue. 
The first and was done in the lab was at the end of the geotextile test piece that was to be 
embedded in the soil. This was to prevent the polyester yarns from slipping along the 
polypropylene base during the pullout test. Tremendous slippage of yarns may cause 
erroneous result. 
 
The second application of glue was done at field during the clamping of the geotextile test 
piece. PVC glue was applied each time the geotextile was being rolled. The glue would 
bond the strong polyester yarns to the weak polypropylene non-woven base. As such, 
during pulling out of the geotextile test piece, the yarns would not slip and the yarns and 
the base would act as a composite. Figure 4.40 shows the application of glue on the 
geotextile test piece during the pullout test. 
 
As for geogrid test piece, there was no glue applied on it. However, during the process of 
clamping, cloth tapes had to be used to secure the geogrid test piece in place. Further 
details on the treatment of glue on geotextile and the taping on geogrid are found under the 
section “Clamping of Geosynthetics”. 
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4.5.4 Field Pullout Test System 
As was mentioned before, a special pullout test system was designed for the field test. That 
system consisted of a high-precision pulling machine, a special clamping device, 
supporting frame and a telltale setup. These parts of the field pullout test system were 
either partly or fully assembled for each of the pullout test. Some of them needed 
considerable manpower effort, example being the clamping of the geosynthetics test pieces. 
Others needed engineering judgment, example being the alignment of the pullout rig in 
relation to the geosynthetics test piece.  
 
a. Pulling Machine 
A concrete pad was specially cast at the pullout tests location, encompassing all the four 
pullout tests. The concrete pad was cast over square driven piles. Firstly, the pullout rig and 
pullout table had to be moved to the desired location. Detail description of aligning the 
pullout test system is presented under the heading “Supporting Frame”. After being 
satisfied by the alignment of the pulling machine in relation to the geosynthetics test piece, 
holes to host bolts were drilled on the concrete pad. Then, expanded bolts were implanted 
into the holes. They secured the pullout rig. Sand bags were stacked on the pullout rig to 
increase the stability of the pulling machine during working condition. The sand bags also 
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b. Clamping of Geosynthetics and Setting of Clamping Device 
The clamping of geosynthetics test pieces was a deciding factor in ensuring the success of 
the pullout test.  Ineffective clamping would result the wrong mode of failures. Instead of 
pullout failure, other mode of failures like breakage of geosynthetics at the clamps or 
tensile breakage of the geosynthetics test piece may occur. The failure mode of pulling out 
failure was sought after, not only the geosynthetics test piece was required to be pulled out 
but also pulling out uniformly across the width of the geosynthetics test piece.  
 
Before the geosynthetics test piece was clamped, the pullout table and the pulling machine 
were adjusted so that the clamped geosynthetics test piece would be in the perfect 
alignment with the line-of-application of the pullout force, horizontally and vertically. This 
process was repeated again after the geosynthetics test piece was clamped so as to achieve 
final perfect alignment. 
 
The alignment of the geosynthetics test piece was based on the pulling stroke, the centre 
line of the pullout table and the centrality of the geosynthetics test piece. Initially, five lines 
were marked on the pullout table. They were the centre line, two side lines indicating the 
width of the geosynthetics test piece and two transverse lines perpendicular to the center 
line. First, the geosynthetics test piece was placed on the pullout table to check its 
alignment with the five lines. The level of the pullout table or the position of the pullout 
table was adjusted until the geosynthetics test piece was aligned correctly with the pullout 
table. After that, the pulling stroke of the pulling machine was extended with the vibrating 
load cell resting on the pullout table. The alignment of the pulling stroke and load cell was 
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to coincide with the centre line of the table. The pulling machine could be adjusted either 
by adjusting the pullout rig or the pulling shaft to meet that requirement. Levelers were 
constantly used to determine the levelness of the adjusted components. Eventually, the 
geosynthetics test piece, the pullout table and the pulling machine were all align to the line-
of-application of the pullout load. Figure 4.41 shows the aligning of the clamping device 
and the geosynthetics test piece. 
 
After application of glue, the geotextile was rolled around the rolling plate. Later, the rolled 
geotextile with the rolling plate were then placed in between aluminum spacer plates and 
the whole set was inserted in between the two front clamp plates. At the designated bolting 
locations, two rows of bolts were sunk into the geotextile test piece by screwing action. 
With the elongated bolting holes, the bolts could avoid cutting through the yarns. These 
polyester yarns provided the strength of the geotextile in the machine direction. Hence, it 
was crucial that in the process of bolting the geotextile test piece, the yarns were not cut. 
Further to that, the bolting holes were staggered in two rows so that uniform clamping of 
the geotextile could be achieved. Figure 4.42 shows the clamping of the geotextile test 
piece. 
 
As for geogrid, the same set of clamps was used. However, the major difference from 
geotextile was that no PVC glue was applied on the geogrid. The rolled geogrid was fixed 
to the front clamping plates with the similar method as geotextile. The other difference 
from geotextile was that during bolting, instead of avoiding the yarns, the longitudinal 
members of the geogrid were avoided because they provided the strength to the geogrid. 
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Finally, the front clamping plates were bolted. Figure 4.43 shows the clamping of the 
geogrid test piece. 
 
c. Supporting Frame and Displacement Instruments 
To ensure that the geosynthetics test piece, clamping device and the pulling machine were 
in the perfect alignment with the line-of-application of force was to adjust the pullout table 
since the clamping device rested and traveled on the pullout table. Each leg of the special 
pullout table could be adjusted upwards or downwards. Fine adjustments were made on the 
pullout table to achieve the required accuracy. Levelers were placed on the table to check 
its level.  
 
After the pullout table was set, two front clamp LVDTs were placed in position. The 
resistance type LVDTs were held in place by magnetic stands, S-clamps and clamps. At the 
same time, two back clamp LVDTs of vibrating wire type were screwed to the “H” frame 
of the pullout rig of the pullout machine. Concurrently, the three potentiometers to measure 
the modular blocks and pullout sleeve movements were fixed to the pullout table. The 
potentiometers were placed by using steel rods, S-clamps and magnetic stands. Figure 4.44 
shows the installation of the LVDTs. 
 
d. Telltale Setup 
Telltale setup had to be assembled for each of the pullout test. Once the position of the 
pullout table was fixed, the telltale piano wires were straightened and excessive wires were 
cut. The pulleys were then adjusted along the steel bar to their correct positions according 
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to the telltale piano wires. After they were set at place, the pulleys were tightened so as to 
fix to their positions. These were done for both the upper and the lower pulley system.  
 
After that, the telltale piano wires were led through the lower pulley system and then 
through the upper pulley system. Meanwhile, the brass weight was lifted up to extend the 
traveling length of the potentiometer. The telltale piano wire was then tied to the circular 
hook of the brass weight. Again, excessive telltale piano wire was trimmed. The 
instruments were held in this position before the pullout test was started.  
 
4.5.5 Installation of Field Instruments 
Instruments were installed in the soil at the same day as when the geosynthetics test pieces 
were laid. Proper care was taken in embedding the sensors. 
 
a. Installation of Horizontal and Total Pressure Cells 
After the geosynthetics test pieces were laid and the related sensors’ cables were drawn out, 
soil was poured over them and compaction ensured. When the thickness of the soil 
covering the geosynthetics test pieces was about 100 mm, locations for the other sensors 
were marked out. Holes to embed TPC and HPC were dug to 50 mm above the 
geosynthetics test pieces. Holes were dug as close as possible to the diameter of the 
sensors. Resistance type TPCs and HPCs had a diameter of 50 mm and 25 mm 
respectively. As for vibrating wire type, the TPC had a diameter of 300 mm. Since 
resistance type TPCs and HPCs had small diameters, they were pushed into the dug holes. 
This was to prevent the TPCs and HPCs from moving away from their positions. Unlike 
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the practice in laboratory tests, half-buried state of the TPCs was seldom achieved. For the 
vibration wire type TPC, the thickness was only 10 mm. Hence, the shape of the TPC was 
quite flat. Therefore, during installation, small leveler was used to ensure that the TPC 
rested horizontally and flatly on the soil. After the TPCs and HPCs were placed, finer soil 
was poured over the sensors and buried the instruments. Figure 4.45 and Figure 4.46 shows 
the embedment of the resistance type TPC and vibrating wire type TPC respectively. 
 
The cables of all the sensors were gathered together after forming a few loops on the soil at 
the 100 mm level. They were then housed together in another 50 mm diameter PVC pipe. 
Similar to the strain gauges’ cables, the cables were then lead out from the front face of the 
soil wall.  
 
b. Installation of Piezometers, Pore Pressure Transducers, Tensiometers 
and Thermocouples 
Preparation needed to be made in laboratory before the instruments were transported to the 
field. The porous stone of the piezometer (PZ) was kept in oil to prevent air from entering 
it. After the piezometer was assembled, it was dipped in de-aired water before they were 
transported to the field. Miniature pore pressure transducer (PPT) was de-aired in lab by 
sucking the air out by using a de-aired apparatus. As for tensiometer (TS), air was purged 
out from the stem and tubes by pouring in de-aired water through it. Throughout the whole 
duration of transportation of the instruments to the field, the porous tips were dipped in de-
aired water.  
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Piezometers were planned to be placed below the geosynthetics test pieces. Thus, they were 
embedded in soil before the geosynthetics test pieces were laid. Holes were dug out to 
accommodate the piezometers. At 100 mm thick of soil over the geosynthetics test pieces, 
small holes were dug to the 50 mm level above the test pieces to host the porous tips of 
PPT and TS. The porous tips were inserted into the designated holes and followed by the 
sealing of the holes with soil. Figure 4.47 shows the porous tip being inserted into the hole. 
Thermocouple (TM) was formed by exposing the steel and copper wire and twisting them 
together. They were installed at the field by inserting them into the soil. Together with the 
TPCs and HPCs cables, they were housed in the same 50 mm diameter PVC pipe. They 
were led out from the front wall to be connected to their respective data loggers. 
 
4.5.6 Data Logging System 
All the clocks were synchronized. The data was captured at 10 seconds interval. For certain 
pullout tests, the vibrating wire data logger was capturing data at 5 seconds interval.  One 
of the strainmeters was directly connected to a laptop by a RS-232 cable. Therefore, 
important plots like “pullout load versus elapsed time” curve were plotted out periodically 
on the laptop to monitor the progress and condition of the pullout test. The vibrating wire 
data logger software provided the plots immediately on the laptop. As the data loggers were 
capturing the data, the data was saved at certain time intervals and brought to the graph 
plotting unit. The graph plotting unit consisted of three laptops. There other graphs were 
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4.6 Concluding Remarks 
The soil-geosynthetics interaction of geotextile and geogrid in residual backfill soil was 
investigated using a series of field pullout tests. As geotextile and geogrid in “dry” and 
“wet” soil condition behave differently in geosynthetics reinforced soil slope, four field 
pullout tests were performed using different geosynthetics and in different soil condition.  
 
The pullout test system consisted of a high-precision pulling machine, a special clamping 
device, supporting frame and a telltale setup. The pullout machine was a hydraulically 
powered system which could provide a pull at a slow but high precision constant rate as 
low as 1 mm/min throughout the duration of the test. A special clamping device was 
designed and constructed following pullout tests of Chew et al. (2002). An extensive set of 
instruments were installed in the soil and on the geotextile or geogrid test pieces to capture 
the behavior and mechanism of the geosynthetics during the pullout test. To achieve the 
“wet” soil condition, water was artificially pumped into the soil near the soil-geosynthetics 
interface. The width and length of the test pieces were 0.5 m and 2.15 m respectively. The 
embedded length was 1.65 m and the height of the surcharge at the test location was 2 m. 
 
The advantage of field pullout tests is that the behavior of pullout is related to the actual 
compacted condition of the backfill soil and the construction environment. The clamping of 
the geotextile test piece was designed to be firm and uniform across the width and without 
slipping and damaging the yarns. Extra care and effort were made to ensure that the 
geosynthetics test piece, clamping plates and pulling shaft were in perfect alignment with 
the line-of-application of the pulling force. In order to have an effective ponding system, 
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during the construction of the slope, drainage pipes wrapped with geotextile filters were 
buried in the soil just above the geosynthetics test piece. The adopted strain gauging 
technique was an improvement of the proposed method by Chew et al. (1998). In the field 
pullout test, resistance type and vibrating-wire type LVDT and total pressure cells were 
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Figure 4.4: Top view of the clamping device 
Geosynthetics 
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Figure 4.6: Cross-section of the telltale setup 
Telltale Setup 
Telltale Setup 
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Figure 4.8: Drainage pipes being placed and buried in the soil 
Chapter 4 - Field Pullout Test Setup and Instrumentation 
  134 
 
 





Figure 4.10: Soil at the soil-geotextile interface was softened 
Softened Soil
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Figure 4.12: Cross-section of the instrumentation scheme 
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Figure 4.14: Vibrating wire type load cell 
Resistance Type Load Cells 
Vibrating Wire Type Load Cell 
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Figure 4.16: Vibrating wire type 300 mm LVDTs 
Vibrating Wire Type LVDT 
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Figure 4.18: Telltale head on geogrid test piece 
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Telltale Head 
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Figure 4.20: Strain gauges attached on geogrid test piece 
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Figure 4.22: Vibrating wire type total pressure cell 
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Figure 4.24: Vibrating wire type piezometer 
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Figure 4.26: Vibrating wire data logger 
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Figure 4.28: Soil particle distribution of reddish-brown residual soil from Bukit Batok field 
pullout test area 
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Figure 4.29: Combined consolidated-undrained (CU) and consolidated-drained (CD) 
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Figure 4.30: Stress versus strain curves of consolidated-drained (CD) triaxial test 
c’= 6 kPa
ø' = 36º 
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Figure 4.31: Pullout test on geotextile in “dry” condition, Test-F1 
 
 
Figure 4.32: Pullout test on geogrid in “dry” condition, Test-F3 
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Figure 4.33: Pullout test on geotextile in “wet” condition, Test-F2 
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Figure 4.35: Roller compacter being used in the field 
 
Figure 4.36: CBR probing at the field 
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Figure 4.37: Geotextile being warped and anchored in soil 
 
Figure 4.38: Completed surcharge 
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Figure 4.39: Softened soil at the ponding area 
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Figure 4.41: Aligning of geosynthetics test piece 
 
Figure 4.42: Clamping of geotextile test piece 
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Figure 4.43: Clamping of geogrid test piece 
 
Figure 4.44: The installed LVDT 
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Figure 4.45: Embedment of resistance type TPC 
 
Figure 4.46: Embedment of the vibrating wire type TPC 
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Figure 4.47: Porous tip of tensiometer being inserted into the soil 
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Chapter 5 - Results and Discussion on Field Pullout Tests 
 
5.1 Introduction 
A total number of four field pullout tests are performed on the geosynthetics reinforced soil 
slope backfilled with residual soil. The field pullout tests are conducted on geotextile PEC 
200 and geogrid GX 200/50 in two different soil conditions, one is in “dry” state (soil at in-
situ as-compacted moisture content) and the other is in “wet” condition (soil is ponded with 
water). One of the objectives of this research is to compare the pullout behavior of 
geotextile and geogrid in residual soil backfill. The study involves the determination of the 
interface properties between geotextile and soil and also between geogrid and soil. The 
significance of the bearing resistance that is contributed by the transverse members of the 
geogrid will also be investigated.  
 
5.2 Field Test-F1: Geotextile in “Dry” Soil 
The first field pullout test, labeled as Test-F1, is a pullout test on geotextile, PEC 200 that 
is performed in a “dry” soil condition, i.e. soil at in-situ as-compacted water content. 
Results of this test are presented and discussed here. 
 
5.2.1 Pullout Force Development 
This field pullout test consists of two stages: the loading stage and the reloading stage. 
Figure 5.1 shows the pullout force versus clamp displacement of Test-F1. The trend of the 
curve indicates that pullout force increased till it reaches a peak pullout force, before it 
reduces gradually. This shows that the pullout test has reached a pullout failure. At the start 
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of the test, the pullout force increases substantially with a slight increase of the clamp 
displacement, indicating a stiff system. Subsequently, when the clamp displacement is 
greater than 20 mm, the gradient of the curve becomes gentler. The peak pullout force 
achieved is 43.31 kN for 500 mm width sample and it happens at the front clamp 
displacement of 138 mm. The residual force is 31.0 kN, achieved at clamp displacement of 
274 mm. 
  
For the evaluation of the effect of unloading and reloading, the unloading is conducted long 
after the peak pullout force is achieved. As shown in Figure 5.1, the unloading trend can be 
divided into two parts.  In the first part (from A to B), a large decrease in pullout force is 
realized with only a very small front clamp displacement. It is then followed by the second 
part (from B to C) of which a significant amount of front clamp displacement is mobilized 
with a small amount of unloading force.  
 
After the unloading, the reloading stage of the geotextile test piece takes place. During this 
reloading stage, the in-air portion of the geotextile stretches first. At this state, the 
geotextile behaves as a uniform material being stretched in the air, the pullout force picks 
up at a constant rate. Due to the short effective in-air test piece length, the strain is higher 
with the same displacement as compared to the first cycle of loading. Hence, the rate of 
stress or force development is higher than the first loading stage. Upon reaching the same 
front displacement before unloading took place, the pullout force returned to almost the 
same residual force that the geotextile experienced just before unloading of the first loading 
stage (i.e. at point D). Subsequently, the pullout force is reduced with further displacement. 
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It was intended to subject the test piece to further clamp displacement so as to assess its 
reduction of pullout force after the reloading. However, for this particular test, the available 
distance for clamp to travel has reached its limit. The results show that the soil-
geosynthetics interface behaves nearly elastically, i.e. the reloading curve returns to the 
position of its residual value achieved before unloading. 
 
Figure 5.1 also shows the pullout force verses clamp displacement at the back of the 
clamping setup which is labeled as back clamp. It is to be noted that in this position, pullout 
force is recorded by the vibrating wire load cell and displacement is recorded by vibrating 
wire LVDTs. At the starting phase of the first loading cycle, the pullout force as recorded 
by the vibrating wire load cell is similar to that of the pullout force that is recorded by the 
resistance type load cell. At about 20 mm of clamp displacement, the pullout forces start to 
diverge. At the peak, load cell at front clamp recorded slightly higher force than load cell at 
the back clamp. The slight difference could be due to the non-perfect rigid nature of the 
clamping set-up as well as slight difference due to two different types of sensors used.  
 
5.2.2 Pullout Rate 
Figure 5.2 shows the clamp displacement versus elapsed time curve of Test-F1. The pulling 
rate for Test-F1 is maintained at 1.4 mm/min for about 50 min after an initial jerk. The rate 
is further increased to 2.9 mm/min till the peak pullout occurred. An observation seen in 
Figure 5.2 is that the movements of the front clamp and the back clamp matches well with 
one another. This shows that the pulling system is competent in pulling the geotextile test 
piece uniformly from front to the back. It should be noted that the curve labeled as “front 
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clamp” is actually the average of two LVDTs at left and right hand sides of the front clamp. 
Figure 5.3 shows the movements of the left and right hand sides of front and back clamps 
of Test-F1. It is observed that both the left and right hand sides of the front clamp displace 
uniformly. It is similar for back clamp. This shows that the geotextile test piece is being 
pulled out uniformly across the width of the geotextile test piece. These observations are 
important as it proved the uniformity of the pullout test and the geotextile was not 
slackened during the test.  
 
5.2.3 Telltales Movement Development 
The behavior of geotextile test piece during pullout can be deduced from the telltale 
displacement versus time curve. The geotextile can be in the stretching mode, sliding mode 
or a mixture of both. 
 
Telltale, TT1 which is nearest to the wall face is the first to be mobilized as indicated in 
Figure 5.4 of Test-F1. Subsequently, the telltales that are located further away from the 
wall face, i.e. TT2, TT3, TT4 and TT5 start to move in that order. This progressive 
movement of telltales shows that the stress experienced by the geotextile is propagating 
from the front of the geotextile towards the end of the geotextile test piece. At this stage the 
geotextile is mainly in stretching mode. When the last telltale, TT5 starts to move, this 
means that the mobilization of friction has reached near the full length of the embedded 
part of the geotextile test piece.  
 
Chapter 5 - Results and Discussion on Field Pullout Tests 
  158 
As of Figure 5.4, the stretching mode continues for a while after TT5 is being mobilized. 
After that all the telltales are displacing at a constant rate. This indicates that the geotextile 
is purely in the sliding mode where the whole piece of geotextile is sliding out of the 
slope/wall as a rigid body. TT4 after moving more than 68 minutes, move at different rate 
as other telltales. TT4 seems to be following the stretching of the polypropylene base. This 
is possibly due to the de-bonding of the polyester yarns from the polypropylene base after 
the peak or thereafter.  
 
5.2.4 Geotextile Strain Development 
The strain gauges that are located at the portion of geotextile test piece that is not 
embedded in the soil are referred to as “in-air” strain gauges (i.e. S1 to S4). Whereas, the 
strain gauges located at the portion of geotextile which are embedded in the soil are called 
“in-soil” strain gauges (i.e. S5 to S15). Based on Figure 5.5, the highest strain that is 
registered by “in-air” strain gauges in Test-F1 is 4.0 % as recorded by strain gauge S1. The 
highest strain that is registered by “in-soil” strain gauges is 4.0 % at strain gauge S7.  
 
During the pullout test as seen in Figure 5.5, higher strain is registered at the geotextile 
nearer to the wall face. Lower strains are registered at the geotextile progressively further 
away from the wall face. This is consistent with the trend recorded by the telltales. The 
strain in the geotextile increases as the pullout force increases. Initially, the strains increase 
sharply for a small clamp displacement. This means that the geotextile stretches quite 
intensively. Later, the strains increase with a gentler gradient. This signifies that the 
geotextile is stretching in a more uniform manner. After the peak pullout force is reached, 
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the geotextile experienced almost constant strains with very gradual reduction. This shows 
that as the geotextile is sliding out, the stretched state of the geotextile is maintained with a 
very gradual release of the stretching. The reduction of the strains is in line with the 
reduction of the pullout force.  
 
At the peak pullout force, the “in-air” strain gauges, S1, S2, S3 and S4 registered 3.7%, 
3.0%, 2.5% and 2.9% strain respectively. These measurements verified that the geotextile 
at the in-air portion was stretched uniformly of about 3%. On the other hand, the “in-soil” 
portion of the strain gauges, S5, S6, S7, S8, S9, S11, S12, S13 and S14 registered strain 
2.8% to 0.5% at the peak pullout force. This shows that the in-soil portion of the geotextile 
is not stretched uniformly in the longitudinal direction.  
 
During the unloading stage, the strain gauges respond with a drastic drop of strain. During 
subsequent reloading (i.e. stage two of the test) strain gauges responded by showing a 
proportional increase in strain value. This shows the robustness of the improved National 
University of Singapore, NUS strain gauging method employed. 
  
“In-soil” strain development versus distance from the back of the sleeve at various pullout 
forces is plotted and shown in Figure 5.7. It is seen that as the distance from the back of the 
sleeve increases, the strain in the geotextile decreases. This clearly shows that the strain 
mobilization trend of geotextile is non-uniform inside the soil and the strain is propagated 
from the front to the back. The average strain at each pullout force is being calculated by 
using equivalent area method. In this method, each of the strain versus distance curves is 
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extrapolated to a smooth curve. Area below the respective curve is calculated. The area is 
then divided by the respective distance that the strain was mobilized, to obtain the average 
strain. The average strain at 10 kN, 20 kN, 30 kN, 40 kN and 43 kN are 0.2%, 0.7%, 0.9%, 
1.3% and 1.4% respectively.  
 
5.2.5 Pore Pressure Development 
Figure 5.8 shows the pore pressure development of Test-F1. Both pore pressure transducer, 
PPT1 and piezometer, PZ1 register pore pressure in the negative zone. Tensiometer, TS1 
reads -2 kPa. At the start of the test, PPT1 records 0.06 kPa and PZ1 records -2.17 kPa. At 
the occurrence of peak pullout force, PPT1 registers -1.45 kPa and PZ1 registers -2.21 kPa.  
This shows that the soil is having suction of 0 kPa to 2.0 kPa which is consistent with the 
condition of partially saturated soil. TS1 concurred with PPT1 and PZ1 readings. PPT 
changed for first 70 mm displacement after which it remains nearly constant. 
 
5.2.6 Stress Development 
Stress development versus clamp displacement curve indicates the stress condition of the 
soil during the pullout test. Figure 5.9a shows the stress development of Test-F1. Soil-
geosynthetics interface friction angle, δ can be calculated from the Mohr-Coulomb stress 
equation: 
c+= δστ tan'     (5.1) 
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where τ is the pullout shear stress, σ’ is the effective normal stress at soil-geosynthetics 
interface, δ is the soil-geosynthetics friction angle and c is the soil-geosynthetics cohesion. 
By substituting τ = F/2A into Equation 5.1, Equation 5.2 is obtained: 
)tan'(2 cAF += δσ     (5.2) 
 
where F is the pullout force and A is the area of geosynthetics embedded in soil. 
 







φE     (5.3) 
 
where δ is the soil-geosynthetics interface friction angle and ø is the residual soil friction 
angle. 
 
Farrag et al. (1993) performed pullout tests with pullout rate of 2 mm/min, 6 mm/min, 10 
mm/min and 20 mm/min. He found that the difference in pullout force between 2 mm/min 
and 20 mm/min was 25%. He also found that the difference in pullout force between 2 
mm/min and 6 mm/min was less than 5%. Therefore, he concluded that the displacement 
rate effects were minimized if rates of the order of less than 6 mm/min were used. Hence, 
such pullout rates are deemed to be slow enough to ensure that the tests are drained 
condition at the interface. The pullout rates of all the tests in this research were deemed to 
be slow enough to achieve a static pullout at drained condition. Thus, effective stress was 
appropriate to analyze the tests. 
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The strain distribution at peak pullout force, as shown in Figure 5.7 and Figure 5.26, 
exhibits almost a triangular shape across the length of the geosynthetics decreasing from 
the wall face. The peak pullout force would have a similar triangular shape as the strain 
distribution assuming the stiffness of geosynthetics is uniform along the length. This 
triangular shape of force versus distance is identical to the “total area method” in Ochiai et 
al. (1996) paper (as shown in Figure 5.9b). Hence, the “total area method” (one of the 
average resistance method) as defined by Ochiai et al. (1996) was applied. Therefore, it can 
be concluded that the measured strain distribution justified the assumption of uniform 
pullout force along the length of geosynthetics. 
 
The total pressure cells measure the total stress, σ that is experienced by the soil just above 
the geotextile test piece. The pore pressure transducers measure the pore pressure, u in the 
soil. As such the effective stress, σ’ can be obtained since σ = σ’ + u. Calibration of the 
TPC in soil produced a calibration factor of 1.0. At the start of the test, TPC1, TPC3 and 
TPC4 recorded 69.50 kPa, 43.99 kPa and 56.34 kPa respectively. TPC2 recorded way too 
high pressure and it seems illogical, thus the reading of TPC2 is not taken into account in 
all the computation. The average total pressure recorded by TPC1 and TPC3 at the start of 
the test is 56.75 kPa. However, for the calculations of soil-geotextile interface properties, 
the average total pressure of Test-F1 and Test-F2 of 53.27 kPa is used. The peak pullout 
force obtained for Test-F1 is 43.31 kN. The soil cohesion obtained from consolidated-
undrained (CU) test and consolidated-drained (CD) test, c is 6 kPa. If assuming the 
cohesion of soil-geotextile interface, c to be 6 kPa also and having the pore pressure, u to 
be -2 kPa, then based on Equation 5.3, the soil-geotextile interface friction angle, δ at the 
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start of the test is 21.6º. According to the CU and CD test, the soil friction angle, ø is 36.0º. 
Hence, by using Equation 5.3, the efficiency on friction, Eø is 54%. It is to note that the 
calculations of soil-geosynthetics friction angle by using the initial effective stress is meant 
to provide a comparison to that by using the effective stress at the occurrence of peak 
pullout force. In industry practice, the estimation of pullout force is made by using the 
initial effective stress. 
 
Before the pullout test, the total pressure cells measure the soil load above the geotextile. 
During the pullout test, the soil is sheared. This results the soil to dilate and bring changes 
to the effective stress. It is seen in the changes of vertical pressure and pore pressure. When 
the peak pullout force occurred, TPC1 and TPC3 registered 57.23 kPa and 50.41 kPa 
respectively. TPC4 recorded 62.27 kPa. Thus, the average total pressure of TPC1 and 
TPC3 which are situated within the geotextile test piece is 53.82 kPa. Again, for the 
calculations of soil-geotextile interface properties, the average total pressure of Test-F1 and 
Test-F2 is used, i.e. 55.63 kPa. Therefore, with soil suction of 2 kPa, peak pullout force of 
43.31 kN and assuming c to be 6 kPa, the friction angle at the occurrence of peak pullout 
force, δ obtained is 19.4º. The efficiency of friction, Eø works out to be 48%. 
 
This study attempted to measure both the total stress using carefully calibrated total stress 
cells and pore pressure (both positive and negative, using PPT and tensiometer 
respectively). The results for various large scale tests and field measurements were found 
to be reasonably consistent. Hence, the computation of effective stress from tests data was 
viewed to be reasonable. The variation of pullout force versus time (or displacement as the 
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pulling rate is constant) is a result of a complicated interaction between the stretching of 
geotextile, and sliding of geotextile along interface, under the applied normal stress as well 
as “lock-in” stress during compaction, causing soil dilation during sheared. Hence, the 
resultant stresses development is rather complex. However, at the peak pullout force, the 
whole sheet of geotextile was observed to be at the complete sliding mode (as evident from 
the telltale readings, e.g. Figure 5.4 and Figure 5.13). Hence, at this point, the maximum 
sliding forces at the soil-geotextile interface was mobilized. Thus, the computation of 
interface friction angle can be computed using stresses and pore pressure at this peak 
pullout force. This is also consistence with the works by Alagiyawanna et al. (2001), Farrag 
et al. (1993), Kharchafi & Dysli (1993), Palmeira & Milligan (1989) and others. 
 
At the start of the pullout test, HPC1 registered 15.12 kPa. This is the lock-in-stress that the 
soil is experiencing after the compaction of the soil. At the occurrence of the peak pullout 
force, the lateral pressure increases to 32.76 kPa. The increased of lateral pressure of 17.64 
kPa is due to the pullout test. By having a soil friction angle, ø of 36.0º, the active pressure 
coefficient, ka would be 0.2596. Hence, the calculated active horizontal pressure is equal to 
10.38 kPa. The measured horizontal pressure is higher than that of the calculated horizontal 
pressure because the front wall still provided some restrain to the soil to such extend that a 
higher horizontal pressure could developed. After passing the point of peak pullout force, 
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5.3 Field Test-F2: Geotextile in “Wet” Soil 
The second field pullout test is also performed on geotextile, PEC 200 and labeled as Test-
F2. However, this pullout test is done in “wet” soil condition, i.e. the backfill soil around 
the soil-geotextile interface is ponded with water. Additional features (horizontal and 
vertical draining pipes) were added next to geotextile to enable the ponding before and 
during the pullout test. This is to simulate the heavy rainfall condition. Under this 
condition, poorly draining soil will reach its full saturation condition and its interface 
strength will be reduced. The test results are shown and discussed as follows: 
  
5.3.1 Pullout Force Development 
Figure 5.10 shows the pullout force versus clamp displacement of Test-F2. The trend of the 
curve is similar to that of Test-F1, with the peak pullout force achieved lower than Test-F1 
and at a shorter clamp displacement. Similar to Test-F1, the geotextile test piece was 
successfully being pulled out in this test. At the first loading cycle, the pullout force 
increases steadily with increasing front clamp displacement until it reaches the peak pullout 
force. The initial gradient of the curve (for displacement less than 20 mm) is similar to that 
of Test-F1. From clamp displacement of about 20 mm till the peak, the gradient is lower 
than that in Test-F1. This is due to the soften soil-geotextile interface in this case, as the 
same reinforcement material is used. The peak pullout force achieved is only 31.25 kN, 
which is 28% lower than what was achieved in Test-F1. It is also achieved at a shorter 
clamp displacement of 114 mm as compare to 138 mm in Test-F1. This lower value of 
peak and at smaller clamp displacement indicates that the soil at the soil-geotextile 
interface has softened in Test-F2. This also means that under the worst case scenario when 
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the back drainage is clogged and that water has been constantly seeping vertically and 
horizontally across the soil-geotextile interface, the soil-geotextile interface could still 
retain more than 70 % of its dry interface strength, with this kind of geotextile used. 
 
The unloading-reloading curve of Test-F2 shows the same trend as that of Test-F1. Figure 
5.10 shows that the pullout force rebounds back to the residual pullout force that the 
geotextile experienced just before unloading. From there, the pullout force reduces with 
increasing clamp displacement at a similar rate as the first loading stage. 
 
Figure 5.10 also shows the pullout force versus clamp displacement plot for the “back 
clamp”. Similar to Test-F1, there is a slight difference of peak pullout forces being 
recorded at the front clamp versus at the back clamp. 
 
5.3.2 Pullout Rate 
Figure 5.11 shows the plot of clamp displacement versus elapsed time of Test-F2. The 
displacement rate is maintained at 1.0 mm/min throughout the whole duration of the 
pullout test. This satisfies the requirement of a static pullout test, which requires a constant 
low pulling rate. It can be verified that this condition is achieved in Test-F2. 
 
As similar to Test-F1, it is also observed that the movements of the front clamp and the 
back clamp is similar to each other. This shows that the pulling system is competent in 
pulling the geotextile test piece uniformly from the front to the back. Figure 5.12 shows the 
left and right hand sides clamp movement of the front and back clamps. It is found that 
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both the left and right clamps of Test-F2 displace uniformly. This shows that the geotextile 
test piece is being pulled out uniformly across the transverse section of the geotextile. 
 
5.3.3 Telltale Movement Development 
Figure 5.13 shows the telltale movements of Test-F2. Similar to that of Test-F1, telltale 
TT1, which is at the front and nearest to the wall face is the first to be mobilized. While the 
pullout force increases, stretching of the geotextile expands to larger portion of the 
geotextile that are further embedded in the soil. Hence, the other telltales that are located 
further away from the wall face starts to move in the following order: TT2, TT3, TT4 and 
TT5. Shortly after TT5 starts to move, all the telltales seems to move at the same rate, it 
signifies that peak pullout force is reached. After the peak pullout force is achieved, the 
stretching mode of the geotextile turns to sliding. The pure sliding mode of the geotextile 
happened when all the telltales are moving at the same rate. As shown in Figure 5.13, after 
an elapsed time of 140 min, TT5 defies the trend of other telltales. Most likely at that time, 
TT5 is stretching according to the polypropylene base instead of the polyester yarns. The 
polypropylene base can elongate more than the polyester (PET) yarns. This particular curve 
is thus not representative of the composite nature of the geotextile. 
 
Comparing the movement of telltale before the peak pullout force for Test-F1 and Test-F2, 
at the elapsed time of 56 min, TT1 of Test-F2 has moved about 18.2 mm, while TT1 of 
Test-F1 has already moved by 65.6 mm. This means the geotextile in Test-F2 stretches less 
than that of Test-F1, which implies that geotextile stretches less in “wet” condition than in 
“dry” soil condition. 
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5.3.4 Geotextile Strain Development 
Figure 5.14 shows the strain development of Test-F2. The highest “in-air” strain recorded 
is 3.8 % by strain gauge S3. The highest “in-soil” strain recorded is 2.7 % by strain gauge 
S7. Test-F2 registered lower peak strains as compared to Test-F1. This means geotextile of 
Test-F2 stretches less and a lower pullout force being achieved by Test-F2.  
 
Similar to Test-F1, strain distribution in Test-F2 shows a higher strain for the geotextile 
nearer to the front of the wall, and reducing strains are shown at the geotextile further away 
from the wall face. This matches well with the trend of strain derived by the telltales 
(Figure 5.15).  
 
At the peak pullout force, the strain gauge at the “in-air” portion, S1, S2, S3 and S4 records 
2.8%, 2.8%, 3.7% and 3.0% strain respectively. Thus, the global “in-air” strain is having an 
average of 3.1%. The strain gauges at the “in-soil” portion, S5, S6, S7, S8, S9, S11, S12, 
S13, S14 and S15 record strain range from 1.7% to 0.5%. These “in-soil” strains recorded 
at Test-F2 is lower than that of Test-F1 at peak pullout force.  
 
Figure 5.16 shows the plots of “in-soil” strain development versus distance from the back 
of the sleeve at various pullout forces. As the distance from the back of sleeve increases, 
the strain in the geotextile decreases. This shows that the strain mobilization trend of 
geotextile in “wet” soil condition is non-uniform inside the soil. This also shows that the 
strain is propagated from the front to the back. The average strain at each pullout force is 
being calculated by using equivalent area method as discussed in Section 5.2.4. The 
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average strain at 10 kN, 20 kN, 30 kN and 31 kN were found to be 0.4%, 0.8%, 0.8%, and 
1.1% respectively.  Table 5.1 shows the summary of average strain at certain pullout forces 
of Test-F1 and Test-F2. At the same pullout forces (10 kN, 20 kN and 30 kN), Test-F1 and 
Test-F2 recorded similar average strains. Test-F1 went on to record higher strains at higher 
pullout forces (40 kN and 43 kN). 
Table 5.1 Summary of average strain of field pullout tests on geotextile 
Pullout 
forces 
10 kN 20 kN 
 
30 kN 31 kN 40 kN 43 kN 
Test-F1 0.2% 0.7% 0.9% - 1.3% 1.4% 
Test-F2 0.4% 0.8% 0.8% 1.1% - - 
 
5.3.5 Pore Pressure Development 
Figure 5.17 shows the pore pressure development of Test-F2. At the start of the test, pore 
pressure transducer, PPT1 and piezometer, PZ1 already register pore pressure in the 
positive territory. PPT1 recorded excess pore pressure of 5.74 kPa and PZ1 recorded excess 
pore pressure of 1.45 kPa. Tensiometer, TS1 shows 0 kPa. During the pullout test, PPT1 
records fluctuation of pore pressure. PZ1 which is located below the geotextile test piece 
shows less pore pressure changes. When the geotextile is being pulled, the surrounding soil 
is sheared. This causes the soil to expand and the soil to be momentarily in suction state. As 
such, the pore pressure drops, as seen in PPT1. At the achieving of peak pullout force, 
PPT1 recorded a high pore pressure of 5.74 kPa and PZ1 recorded a lower pore pressure of 
0.48 kPa. After the test is stopped at the end of stage one, pore pressure of PZ1 shoot up to 
the pore pressure that the soil at the top of the geotextile is experiencing. This may be 
because the surrounding soil around the geotextile is no longer being sheared. Thus, the 
soil is not dilating. Therefore, the pore pressure rises. 
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PPT1 which is located at the top of the geotextile registered higher pore pressure compared 
to PZ1 which is located at the bottom of the geotextile. Water is being channeled out 
through the sleeve by the geotextile. By this way, the excess pore pressure is being 
dissipated. This is seen from the changes of pore pressure from the soil at the top of the 
geotextile to the soil at the bottom of the geotextile. When the test is stopped, the pore 
pressure of PZ1 rises to the pore pressure the soil at the top of the geotextile is 
experiencing. At stage two of the pullout test, when the retracting of the clamp starts, the 
geotextile acts as a draining layer and dissipate pore pressure. This is seen from PPT1 
registering high positive pore pressure but PZ1 registering almost no excess pore pressure.  
 
5.3.6 Stress Development 
Figure 5.18 shows the stress development versus clamp displacement curves of Test-F2. At 
the beginning of the pullout test, TPC2, TPC3 and TPC4 captured the total vertical pressure 
as 46.22 kPa, 53.33 kPa and 46.10 kPa respectively. TPC1 recorded unusual low pressure 
which is not making sense. Thus, TPC1 readings are discarded. This makes the average 
total pressure between TPC2 and TPC3 to be 49.78 kPa. However, for the purpose of 
calculations of soil-geotextile interface properties, the average total pressure of Test-F1 and 
Test-F2 is used. The average total pressure is 53.27 kPa. Pore pressure from PPT1 is used 
because it represents the soil above the geotextile test piece. As such, u is 5.74 kPa at the 
start of the test. The peak pullout force achieved for this geotextile “wet” test is 31.25 kN. 
As for the “wet” test, the effective cohesion, c is assumed to be 6 kPa. Hence, if based on 
the effective normal stress at the start of the test, the soil-geotextile friction angle, δ 
obtained is 12.4º. The efficiency of friction, Eø obtained is only 30%.  
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At the peak pullout force, TPC2 and TPC3 recorded 40.75 kPa and 74.12 kPa respectively. 
Thus, the average total pressure is 57.44 kPa. However, for the computations of soil-
geotextile interface properties, the average total pressure of Test-F1 and Test-F2 of 55.63 
kPa is used. This results the friction angle at the occurrence of peak pullout force, δ to be 
14.5º. Thus, the efficiency of friction, Eø calculated is only 36%.  
 
TPC4 registered 46.62 kPa at the peak pullout force. This is not much different from 46.10 
kPa that TPC4 measured at the start of the pullout test. This shows that TPC4 that is 
located outside of the geotextile test piece is not affected by the process of the pullout test. 
When seeing it from a different angle, the changes of readings in TPC1, TPC2 and TPC3 
during the pullout test are soil behavior being affected by the process of the pullout test. 
 
At the beginning of the pullout test, HPC1 recorded only 2.40 kPa. The lock-in-stress is 
considerably lower than Test-F1. However, during the peak pullout force, HPC1 recorded 
30.40 kPa. The lateral pressure exerted is higher than the active horizontal pressure of the 
soil. This means that the wall has provided high resistance. 
 
5.4 Field Test-F3: Geogrid in “Dry” Soil 
The third test of the field pullout test series is labeled as Test-F3. It is a pullout test that is 
performed in “dry” soil condition (soil at in-situ water content) as in Test-F1. However, 
this field pullout test is performed on geogrid, GX 200/50 instead of geotextile, PEC 200. 
The obtained results are shown and discussed as follows. 
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5.4.1 Pullout Force Development 
The field pullout test for geogrid is also done in two stages. However, for Test-F3, the 
geogrid test piece is re-clamped at the reloading stage. This is done because the method 
employed for clamping geogrid is less cumbersome and clamping of geogrid test piece 
required shorter time. Figure 5.19 shows the pullout force versus clamp displacement curve 
of Test-F3. It can be seen as similar to Test-F1 and F2, the curve forms a peak pullout force 
and then gradually reducing in force. The graph shows that the pullout test for geogrid is 
also a success since the geogrid was uniformly being pulled out. 
  
As compared with the geotextile pullout test, Test-F1, the initial slope of the pullout force 
curve, within about 10 mm displacement is slightly steeper than that of geotextile. After a 
front clamp displacement of 15 mm is achieved, the curve becomes gentler from its initial 
steep slope. The peak pullout force is achieved at a larger clamp displacement as compared 
to geotextile. At the beginning of the test, the pullout force increases a lot with a slight 
increase of the clamp displacement. The peak pullout force achieved by Test-F3, when the 
soil is at its in-situ moisture content is 46.39 kN. This occurs at the front clamp 
displacement of 182 mm. The residual force is 35.6 kN, achieved at clamp displacement of 
266 mm. 
 
Compared with the geotextile pullout test in the similar condition, i.e. Test-F1, the peak 
pullout force obtained by geogrid pullout test is higher by 3.1 kN. That is only a 7 % 
increased. This means that this particular type of geogrid can mobilize slightly more 
strength than geotextile in the same “dry” soil condition. 
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The reloading curve of Test-F3 shows that the pullout force returns back to the residual 
force that the geogrid experienced just before unloading. Subsequently, the pullout force 
reduces at a similar rate with the first stage of loading. This shows that the soil-geogrid 
interface behave elastically, i.e. the reloading curve returns to the position of its residual 
value achieved before unloading. This behavior is the same as geotextile.  
 
5.4.2 Pullout Rate 
Figure 5.20 shows the movement of front and back clamps of Test-F3. For this pullout test 
on geogrid, the back clamp displacement matches with the front clamp displacement. This 
shows that the pulling system is competent in pulling the geogrid test piece uniformly from 
the front to the back. Figure 5.21 shows that the left and the right hand sides of the front 
clamp and back clamp of Test-F3 moving uniformly. This indicates that the geogrid test 
piece is being pulled out uniformly across the transverse section of the geogrid. Both of 
these mean that the devised pulling system could consistently produce uniform pulling for 
geogrid. This also means that the clamping method devised for the geogrid is effective. 
Geogrid is considered to be more difficult to be clamped securely than geotextile. 
 
The pulling rate for Test-F3 is maintained at 1.5 mm/min throughout the whole duration of 
the test. Therefore, the requirement of having a slow pullout rate for a static pullout test is 
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5.4.3 Telltales Movement Development 
Figure 5.22 shows the movement of the telltale of Test-F3. As the same behavior as 
demonstrated by geotextile, the telltale TT1 which is nearest to the wall face is the first to 
be mobilized. The movement of the telltales is followed by other telltales that are located 
further away from the wall face in this manner, TT2, TT3, TT4 and TT5. This progressive 
movement of telltales from the front to the back indicates that the stress experiencing by 
the geogrid is propagating from the area of the geogrid near the front wall towards the 
embedded end of the geogrid test piece. When all the telltales seem to displace at a constant 
rate at about elapsed time of 180 min, the peak pullout force is achieved. When this is 
achieved, the movement of the geogrid changes from stretching mode to sliding mode. The 
geogrid test piece is sliding out as a whole rigid body. This indicates that the pullout failure 
of the test piece has been achieved. Similar to the pullout test performed on geotextile, the 
pullout test performed on geogrid also successfully achieved pullout failure. TT5 bucks the 
trend of moving at the same rate as TT1, TT2, TT3 and TT4. In fact, TT5 moves faster. 
Possibly, TT5 is slipping along the geogrid longitudinal member, L-member. The telltale 
“head” is tied to the junction of the longitudinal member and the transverse member. The 
transverse member, T-member may have departed from the L-member, allowing the telltale 
“head” to slip. 
 
5.4.4 Geogrid Strain Development 
By referring to Figure 5.23, the highest “in-air” strain registered by geogrid in Test-F3 as 
captured by strain gauge S3 is 8.1 %. Figure 5.24 shows that the highest “in-soil” strain 
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registered for Test-F3 as given by strain gauge S8 is 6.0 %. Figure 5.24 also shows the 
geogrid strain by the strain gauges that are further embedded deeper into the soil. 
 
It can be seen that higher strain is registered for the geogrid section nearer to the wall face. 
Lower strain is registered at the geogrid section further away from the wall face. The strain 
gets higher as the pullout force increases. After the peak pullout force is reached, the strain 
of the geogrid is maintained and reduced. This signifies that the geogrid is being pulled out 
as a rigid body and that there is no further elongation happening to the geogrid test piece 
during this time. 
  
During the occurrence of the peak pullout force, the “in-air” strain gauges, S1, S3 and S4 
register 6.7%, 8.1% and 7.3% strain respectively. Thus the in-air portion of the geogrid 
stretched uniformly at an average of 7.4% strain. The “in-soil” strain gauges, S9, S10, S11, 
S12, S13, S14 and S15 register strain range from 5.6% to 0.6% which shows that the in-soil 
portion of the geogrid is not stretching uniformly. 
 
“In-soil” strain development versus distance from the back of the sleeve at various pullout 
forces of geogrid is plotted and shown in Figure 5.26. As seen also in geotextile, as the 
distance from the back of the sleeve increases, the strain in the geogrid decreases. This 
clearly shows that the strain mobilization trend of geogrid is non-uniform inside the soil. 
This also shows that the strain is propagated from the front to the back. The average strain 
at each pullout force is being calculated by using equivalent area method as of Test-F1 and 
Test-F2. The average strain at 10 kN, 20 kN, 30 kN, 40 kN and 46 kN are 0.3%, 0.7%, 
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1.5%, 2.5% and 3.1% respectively. At high pullout forces of 30 kN and 40 kN, the strain in 
geogrid is higher than that in geotextile of Test-F1.  
 
5.4.5 Pore Pressure Development 
Figure 5.27 shows the pore pressure development of Test-F3. At the start of the pullout 
test, pore pressure transducer, PPT1 registered 1.08 kPa and piezometer, PZ1 registered 
0.91 kPa. Meanwhile, tensiometer TS1 records 0 kPa. During the peak pullout force, PPT1 
recorded 0.29 kPa and PZ1 recorded -0.02 kPa. The pore pressure hovers around the range 
of -1 kPa to 1 kPa. There is not much change in the pore pressure reading throughout the 
pullout test. The lowest pore pressure recorded is -1.5 kPa.  This indicates a slight suction 
in the residual soil. This is consistent with the “dry” condition of the residual soil which is 
similar to that of Test-F1. 
 
5.4.6 Stress Development 
Figure 5.28 shows the stress development curves of Test-F3. At the start of Test-F3, the 
total vertical pressure is 68.20 kPa, 60.51 kPa, 48.46 kPa and 43.98 kPa as recorded by 
TPC1, TPC2, TPC3 and TPC4 respectively. The average total pressure as calculated from 
TPC1, TPC2 and TPC3 is 59.06 kPa. However, for the calculations of soil-geogrid 
interface properties, the average total pressure of 55.63 kPa at the start of pullout test of 
Test-F3 and Test-F4 is used. The pore pressure, u is equal to 0 kPa. The peak pullout force 
achieved by geogrid in “dry” condition is 46.39 kN. With the interface cohesion, c equals 
to 6 kPa and by using the gross area of the geogrid test piece of 0.825 m2, the soil-geogrid 
interface friction angle, δ is 21.7º. Thus, the efficiency of friction is 55%. The effective 
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stress changes throughout the pullout test. This is clearly substantiated by the curves shown 
in Figure 5.28. TPC1, TPC2 and TPC3 show changes of pressure during the pullout test. 
TPC4 which is located outside the geogrid test piece remains almost constant. During the 
occurrence of the peak pullout force, TPC1, TPC2, TPC3 and TPC4 registered 64.98 kPa, 
32.74 kPa, 49.56 kPa and 49.12 kPa respectively. The average pressure of TPC1, TPC2 and 
TPC3 is 49.09 kPa. This translates the friction angle at the soil-geogrid interface, δ to be 
24.9º. This gives an efficiency of friction equals to 64%. 
 
The detail analysis of the soil-geogrid friction angle is by considering the bearing resistance 
or passive resistance of the transverse members. The pullout force of geogrid is divided 
into two components. The first one is the shear resistance on the surface of members. The 
second component is the bearing resistance of the transverse members. The pullout force of 
geogrid, Fp can be represented by the following formula as written as in Equation 5.4. 
bsp FFF +=     (5.4) 
 
where Fp is the pullout force of geogrid, Fs is the shear resistance on the surface of 
members and Fb is the bearing resistance of the transverse members. In dividing the pullout 
force into two components, when calculating shear resistance, the effective or net 
embedded area of geogrid is to be used. The size of each aperture in between the members 
is 0.03 m x 0.023 m. Since there are 660 (55 x 12) apertures in the geogrid test piece, the 
effective area (i.e. net area) of contact between geogrid and soil works out to be 0.3696 m2. 
Only the pullout force, Fp is obtained from the pullout test. So the bearing resistance, Fb has 
to be calculated first before deducing the geogrid shear resistance, Fs. 
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The calculated ultimate bearing capacity of the transverse member, denoted as σb-ult(calc) can 



















−   (5.5) 
 
where ø is the soil friction angle, c is the soil cohesion and σv is the vertical stress at peak 
pullout force. From the triaxial tests, it is shown that the soil properties i.e. soil friction 
angle, ø = 36º and soil cohesion, c = 6 kPa are applicable for this residual soil. Applying 
into Equation 5.5, together with the vertical stress at peak pullout force, σv equals to 47.58 
kPa, the ultimate bearing capacity, σb-ult(calc) works out to be 552.42 kPa. 
 
Then the calculated bearing resistance can be found by the following equation: 
bcalcultbcalcultb AF ×= −− )()( σ     (5.6) 
 
where Fb-ult(calc) is the calculated ultimate bearing resistance, σb-ult(calc) is the calculated 
ultimate bearing capacity and Ab is the effective transverse members area for bearing. The 
width and thickness of each transverse rib is 0.03 m and 0.0014 m respectively. For the 
portion of the geogrid test piece that is embedded in the soil, there are a total of 672 
transverse ribs. Therefore, the effective area, Ab works out to be 0.028224 m2. By using 
Equation 5.6, the calculated ultimate bearing resistance, Fb-ult(calc) works out to be 15.59 kN. 
Since the peak pullout force, Fp is 46.39 kN, by applying Equation 5.4, the shear resistance, 
Fs obtained is 30.80 kN. This occurs at the clamp displacement of 181.73 mm. 
 
Chapter 5 - Results and Discussion on Field Pullout Tests 
  179 
From the laboratory pullout test of Test-L5 and Test-L6, it is found that in “dry” soil 
condition and with the equivalent width of geogrid test piece, the mobilization of bearing 
resistance follows the slope of m = 0.1688. By working backwards from the point of 
occurrence of ultimate bearing resistance at the clamp displacement of 181.73 mm, the 
starting point of the mobilization of bearing resistance of the geogrid transverse members is 
obtained; which is at the clamp displacement of 89.37 mm. 
 
Figure 5.29 plots the various components of pullout forces of geogrid for Test-F3 based on 
the said calculations. From Figure 5.29 it is clearly seen that shear resistance is mobilized 
first. This is because shear resistance could be mobilized at a slight movement of the 
geogrid. From the clamp displacement of 0 mm to 89.37 mm, all the pullout force, Fp is 
derived from shear resistance, Fs. It is found that transverse members do contribute 
substantially to the pullout resistance. This is evidently seen that the bearing resistance 
provided 33.6% out of the total peak pullout resistance. The bearing resistance could only 
be mobilized after a certain displacement of clamp. It is found that in order for the bearing 
resistance to be mobilized, the transverse members have to be tort and followed by pushing 
against the soil to create passive resistance. That is why the bearing resistance is only 
mobilized upon reaching a clamp displacement of 89.37 mm. From the clamp displacement 
of 89.37 mm to 181.73 mm, the increase of pullout force, Fp is mainly caused by the 
bearing resistance, Fb with the Fs maintained constant. With a net contact area of 0.3696 
m2, the soil-geogrid interface friction angle, δ works out to be 36.9º.  
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However, this value of interface friction angle appeared to be too high between geogrid and 
residual soil as the soil friction angle is only 36º. Detailed investigation shows that some 
transverse members were twisted as they are clearly seen in the exhumed sample of 
geogrid. Test-F3 shows that the twisting of geogrid cannot be ignored. The twisted 
transverse members resulted in larger area for bearing resistance. Figure 5.30a shows the 
twisted transverse members of the exhumed geogrid and Figure 5.30b shows the sectional 
view of the twisted transverse member. During the pullout test, as more clamp 
displacement was being mobilized, the transverse members became tort and push against 
the soil. Exhumed geogrid showed that as the transverse members were pushing against the 
soil, the rear of the transverse members was lifted up. Looking from the top view, the 
transverse members looked thinner compared to untested transverse members. It was 
observed that the imprint in the soil was deeper at the front of the transverse members 
compared to the rear as shown in Figure 5.30c. This further reinforced the notion that the 
rear of the transverse members had lifted up. The transverse members would form an angle 
to the horizontal plane. This is denoted as the twist angle, α. Figure 5.30d shows the 
definition of the twist angle, α. The thickness of the transverse member for bearing 
resistance, b’ would increase from b to bcosα + dsinα as shown also in Figure 5.30d, where 
b is the transverse member thickness in the vertical plane and d is the transverse member 
width in the horizontal plane. The new thickness created a larger area for bearing 
resistance. 
 
Table 5.2 summarized the effect of the twist angle (α) onto the bearing force (Fb), shear 
force (Fs), interface friction angle (δ) and the corresponding percentage contribution of the 
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bearing force to the peak pullout force (Fb/Fp). Bergado et al. (1992) reported that the 
bearing resistance of steel grid in weathered Bangkok clay, a cohesive soil as backfill 
material amounted to 80% of the peak pullout force. Chang et al. (1999) reported that the 
bearing resistance of flexible geogrid in weathered mudstone, a cohesive soil backfill was 
about 90% of the peak pullout resistance. While, Alagiyawanna et al. (2001) reported that 
bearing resistance of flexible geogrid in silica sand was about 43%. Therefore, it is 
believed that the flexible geogrid in residual soil as in Test-F3 has its bearing resistance 
contribution lies in between that of sand and cohesive soil. Thus, it will have contribution 
of bearing force to the peak pullout force in the region of 60% to 70%, which lies in 
between 43% and 90%. Thus, from Table 5.2, it seems to suggest that the actual soil-
geogrid interface friction angle would be about 20.7º with Fb/Fp at 61.9% for Test-F3. The 
corresponding twist angle is 10º. 
Table 5.2 Summary of effect of twist angle on the interface friction angle of Test-F3 







1 0º 15.59 30.80 36.9º 33.6% 
2 5º 22.23 24.26 29.3º 47.9% 
3 10º 28.70 17.69 20.7º 61.9% 
4 15º 34.95 11.44 11.3º 75.3% 
5 20º 40.93 5.46 1.7º 88.2% 
 
HPC1 which is located near the front panel shows only a slight increase of lateral pressure 
from 1.73 kPa to 4.33 kPa during the pullout test of Test-F3. This means not much lateral 
force is being exerted to the front wall. Probably, the front wall is flexible enough for the 
lateral pressure to be relieved. Therefore, the increase of the lateral pressure is small. 
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5.5 Field Test-F4: Geogrid in “Wet” Soil 
The fourth and final field pullout test is also performed on geogrid, GX 200/50. It is labeled 
as Test-F4. However, this pullout test is done in “wet” soil condition. The soil next to the 
geogrid has been ponded before the pullout test and continues during the pullout test. The 
same ponding procedure was carried out as of Test-F2. The results are discussed as below. 
 
5.5.1 Pullout Force Development 
Figure 5.31 shows the pullout force versus clamp displacement of Test-F4. Test-F4 also 
displays a peak pullout force and a gradual reduction of pullout force after achieving the 
peak. This trend shows that the geogrid test piece was successfully being pullout out. For 
the first 15 mm of clamp displacement, Test-F4 curve displays the same gradient as Test-
F3. But later, Test-F4 achieves lower peak pullout force and the peak pullout force occurs 
at a shorter clamp displacement as compared to Test-F3. The peak pullout force reached is 
33.42 kN that occurs at a clamp displacement of 136 mm. This peak pullout force 
represents 72% of that of Test-F3. It is achieved at 74.7% of Test-F3 clamp displacement.  
This demonstrates the softened condition of the soil at the soil-geogrid interface.  
 
The peak pullout force is slightly higher than that of the geotextile pullout test in the “wet” 
condition, Test-F2. This may be due to two reasons. The first possible reason is that this 
particular type of geogrid could dissipate excess pore water pressure. Hence, enables it to 
maintain a considerable amount of pullout strength. This geogrid is unlike other 
mainstream geogrid that is being fabricated from the extrusion process. Instead, geogrid 
GX 200/50 is made from a combination of clustered polyester yarns. The clustered 
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polyester yarns form grooves in between yarns. Water could be directed out along these 
grooves, moving along the surface of the clustered yarns. The second possible reason is 
that the pore pressure in the soil of Test-F4 did not develop as high as Test-F2 at the start of 
the test and throughout the test. The more favorable soil condition could possibly enable 
geogrid in Test-F4 to achieve slightly higher pullout force than geotextile.  
 
There is no re-clamping of the geogrid at the reloading stage. As shown by the rest of the 
pullout tests, the reloading curves of the pullout force rebounds back to the residual force 
of what the geogrid experienced before unloading. This demonstrates that the soil-geogrid 
interface behave elastically. Later, the pullout force reduces at the same rate as the first 
loading stage. 
  
5.5.2 Pullout Rate 
Figure 5.32 shows the clamp displacement versus elapsed time curve of Test-F4. The 
pulling rate is maintained at 1.2 mm/min throughout the whole period of the pullout test. 
This pulling rate satisfies the requirement of a static pullout test. As seen from the curve, 
the front clamp displacement matches well with the back clamp displacement. Figure 5.33 
shows movement of the left and right hand sides of the clamps. They are seen to move 
uniformly. These observations show that the geogrid test piece is being pullout out 
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5.5.3 Telltales Movement Development 
Figure 5.34 shows the telltale movements of Test-F4. The movement trend of the telltales 
is similar to that of Test-F1, F2 and F3. The movement of telltales is in the sequence of 
TT1, TT2, TT3, TT4 and then TT5. As compared to Test-F3, TT5 of Test-F4 starts to move 
earlier at elapsed time of about 70 min compared to 100 min of Test-F3. The movement of 
TT5 signifies that the mobilization of soil-geogrid interface strength has reached that area. 
When all the telltales move at a constant rate at about elapsed time of 110 min, the soil-
geogrid interface strength has fully mobilized. At this moment onwards the geogrid is 
sliding out. Before the soil-geogrid interface strength is fully mobilized, the geogrid is 
stretching.  
 
TT3 and TT5 are moving at a different rate than TT1, TT2 and TT4. TT3 moves slower 
than the three other telltales whereas TT5 moves faster than the three telltales. The 
movement of TT3 may be hindered, which caused it to move at a slower rate. As for TT5, 
most likely the telltale “head” has slipped along the geogrid longitudinal member. 
 
5.5.4 Geogrid Strain Development 
Figure 5.35 and Figure 5.36 show the strain development of Test-F4. The highest “in-air” 
strain as registered by strain gauge S3 is 6.6 %. The highest “in-soil” strain as recorded by 
strain gauge S6 is 6.5 %. When compared to Test-F3, the highest strain registered in Test-
F4 is lower and the pullout force is also lower.  
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The figures show that higher strain is being registered at the portion of geogrid that is 
nearer to the wall face. Lower strain is registered at the portion of geogrid that is embedded 
deeper into the soil. After the peak pullout force is reached, the strain is maintained. This 
shows that the geogrid is coming out from the sleeve without stretching. The geogrid is 
sliding out instead. 
 
There is a sudden reduction of strain when the geogrid test piece is unloaded.  When the 
geogrid test piece is being reloaded, the strain picks up again. The maximum strain 
registered for the reloading stage is lower than that of the first loading stage. This 
corresponds with the lower pullout force achieved. The strain remains constant throughout 
the later part of the reloading stage. 
 
At peak pullout force, strain gauges S1, S3 and S4 which are located at the in-air portion of 
the geogrid record 3.7%, 6.4% and 6.0% strain respectively. Therefore, the average “in-air” 
strain is 5.4%. The strain gauges that are embedded in soil, S5, S6, S7, S9, S10, S11, S12, 
S13, S14 and S15 record strain range from 6.3% to 0.1%. As compared to Test-F3, the 
average “in-air” strain of geogrid is lower. At peak pullout force, the “in-soil” strain of 
Test-F4 is also lower than Test-F3. These correspond with the lower pullout force. This is 
due to the softened soil condition at the soil-geogrid interface. 
 
Figure 5.38 shows the “in-soil” strain development versus distance from the back of the 
sleeve at various pullout forces of geogrid. Similar to the geogrid in “dry” soil condition, as 
the distance from the back of the sleeve increases, the strain in the geogrid decreases. This 
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shows that the strain mobilization trend of geogrid in “wet” soil condition is also non-
uniform inside the soil. This also shows that the strain is propagated from the front to the 
back. The average strain at each pullout force is being calculated by using equivalent area 
method. The average strain at 10 kN, 20 kN, 30 kN and 33 kN are 0.3%, 0.7%, 1.6% and 
2.2% respectively. Table 5.2 shows the summary of average strain at certain pullout forces 
of Test-F3 and Test-F4. At the same pullout forces (10 kN, 20 kN and 30 kN), Test-F3 and 
Test-F4 recorded similar average strains. Test-F3 further recorded higher strains at higher 
pullout forces (40 kN and 46 kN). 
Table 5.3 Summary of average strain of field pullout tests on geogrid 
Pullout 
forces 
10 kN 20 kN 
 
30 kN 33 kN 40 kN 46 kN 
Test-F3 0.3% 0.7% 1.5% - 2.5% 3.1% 
Test-F4 0.3% 0.7% 1.6% 2.2% - - 
 
5.5.5 Pore Pressure Development 
Figure 5.39 shows the pore pressure development of Test-F4. At the occurrence of peak 
pullout force, the average pore pressure recorded by pore pressure transducer, PPT1 is 1.5 
kPa. The pore pressure recorded by piezometer, PZ1 is 0 kPa. Tensiometer, TS1 registers 0 
kPa. This shows that the soil is in saturated condition. At the start of the pullout test, PPT1 
recorded only 0.48 kPa and PZ1 recorded -0.90 kPa. Pore pressure in the soil of Test-F4 
did not develop as high as in Test-F2.  
 
Throughout the pullout test, PPT1 hovers around 0 kPa to 3 kPa. By taking the average, the 
excess pore pressure is about 1.5 kPa in the positive territory. Thus, there is a certain 
degree of saturation in the soil but a lower degree of saturation as compared to Test-F2 of 
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geotextile test piece. This condition of lower excess pore pressure could possibly enable 
geogrid to register slightly higher pullout force than geotextile in “wet” condition.  
 
5.5.6 Stress Development 
Figure 5.40 shows the stress development versus clamp displacement of Test-F4. At the 
start of the pullout test of Test-F4, TPC1, TPC2, TPC3 and TPC4 captured the total vertical 
pressure as 65.76 kPa, 62.50 kPa, 28.31 kPa and 54.08 kPa respectively. The average total 
pressure of TPC1, TPC2 and TPC3 is 52.19 kPa. However, for the purpose of calculations 
of soil-geogrid interface properties, the average total vertical stress of Test-F3 and Test-F4 
which is 55.63 kPa is used. PPT1 registers pore pressure of 1.5 kPa. The peak pullout force 
recorded for Test-F4 is 33.42 kN. With the soil-geogrid interface cohesion, c assumed to be 
equaled to 6 kPa and by using the gross area of the geogrid test piece of 0.825 m2, the soil-
geogrid interface friction angle, δ works out to be 14.8º. This translates into an efficiency 
of friction of 36%.  
 
At the peak pullout force, TPC1, TPC2, TPC3 and TPC4 record 69.28 kPa, 35.71 kPa, 
33.21 kPa and 52.99 kPa respectively. The average of TPC1, TPC2 and TPC3 is 46.07 kPa. 
But for the calculations of interface friction angle, the average vertical stress of 47.58 kPa 
of Test-F3 and Test-F4 is used. This works out the soil-geogrid interface friction angle to 
be 17.2º. This results in an efficiency of friction, i.e. (tan δ/tan ø) x 100 of 43%. 
 
Same as Test-F3, the detail analysis of the soil-geogrid friction angle is by considering the 
bearing resistance or passive resistance of the transverse members as based on Equation 
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5.4. Figure 5.41 shows the component of pullout forces of Test-F4. At the sudden changed 
of trend of the pullout force development curve, the bearing resistance is assumed to start. 
That is at clamp displacement of 66 mm. The bearing resistance reached its maximum at 
clamp displacement of 136.48 mm where the pullout force has peaked.  The ultimate 
bearing force, Fb-ult is estimated to be 9.62 kN. The peak pullout force, Fp for this test is 
33.42 kN. Therefore, by using Equation 5.4, the shearing force, Fs is 23.8 kN. The bearing 
resistance contributed 28.8% out of the total peak pullout force. With a net area of 0.3696 
m2, the soil-geogrid interface friction angle, δ works out to be 29.6º. The efficiency of 
friction, Eø is equal to 78%.   
 
This computed value of δ appeared to be too high for the interface strength under “wet” soil 
condition. Exhumed geogrid sample of Test-F4 also showed that the transverse members 
have twisted similar to the twisting phenomena displayed by Test-F3. Twisted transverse 
members of geogrid of Test-F4 have also resulted in larger area for bearing resistance. A 
close examination of the exhumed geogrid samples in “wet” soil condition shows that the 
geogrid twisting was less visible. Geogrid of Test-F4 had twisted less than the geogrid in 
“dry” soil condition of Test-F3. This may be because during the pullout test, after the 
transverse members had tort and pushing against the soil, because the soil had softened, the 
rear of the transverse members could not lift up as high as the geogrid in “dry” soil 
condition. This resulted in lower area for bearing resistance. Subsequently, the bearing 
resistance is lower. 
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Past research on pullout test of geogrid in “wet” soil condition is rare. It is reasonable that 
the percentage of bearing resistance to the peak pullout force is also assumed to be between 
60% and 70% in this “wet” soil condition. For Test-F4, the percentage of bearing resistance 
contribution to the peak pullout force is assumed to be the same as Test-F3. Table 5.4 
shows the variation of twist angles (α), bearing force (Fb), shear force (Fs), interface friction 
angle (δ) and the corresponding percentage contribution of bearing resistance to the peak 
pullout force (Fb/Fp). Table 5.4 summarized the values of Fb, Fs, δ and Fb/Fp for two 
possible twist angles (0º and 4º). It can be seen that Test-F4 the actual soil-geogrid 
interface friction angle is about 13.7º as the Fb/Fp at this case is about 60%. The 
corresponding twist angle, α is 4º. This angle is only half of Test-F3 twist angle of 10º. This 
calculations support the observation that the transverse members of geogrid in “wet” soil 
condition twisted less than the geogrid in “dry” soil condition. 
Table 5.4 Summary of interface friction angle of Test-F4 







1 0º 9.62 23.80 29.6º 28.8% 
2 4º 20.67 12.75 13.7º 61.9% 
 
HPC1 shows 0 kPa at the beginning of the test as well as at the occurrence of peak pullout 
force. Therefore, there is no visible increase in horizontal pressure. That portion of modular 
wall probably has been flexible enough to relieve the horizontal pressure throughout the 
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5.6 Comparison of Field Pullout Test Series 
5.6.1 Interface Shear Stress Development 
The development of soil-geotextile interface shear stress in “dry” and “wet” soil conditions 
are plotted in Figure 5.42. At the beginning of the pullout test till 12 mm of clamp 
displacement, the interface shear stress development of geotextile in “dry” and “wet” soil 
conditions are almost the same. At about clamp displacement of 49 mm, the curves start to 
diverge. The interface shear stress of the “dry” soil condition could reach higher value. At 
about clamp displacement of 111 mm, the shear stress of the “dry” soil condition remains 
constant. As for the “wet” soil condition, after the clamp displacement of 49 mm, the 
interface shear stress could not increase much. From there it remains almost constant. This 
means in the “wet” soil condition, lower interface shear stress is achieved. This is because 
the soil has weakened due to the increased of pore pressure and ensuing decreased of 
effective stress. In both tests, the curves of interface shear stress are hyperbolic. 
 
The development of soil-geogrid interface shear stress in “dry” and “wet” soil conditions 
are shown in Figure 5.43. At the beginning of the test, the interface shear stress 
development of geogrid in “dry” and “wet” soil conditions is similar. At clamp 
displacement smaller than 51 mm, geogrid in “wet” soil condition could yield as high 
interface shear stress as the geogrid in “dry” soil condition. After clamp displacement of 
about 51 mm, geogrid in “wet” soil test could not sustain its level of shear stress. This can 
be seen by the continuance decreasing of interface shear stress. While geogrid in “dry” soil 
condition, develops high interface shear stress. 
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5.6.2 Soil-geosynthetics Interface Friction Angle 
The most important parameter in designing geosynthetics reinforced soil slope/wall is the 
soil-geosynthetics interface friction angle, δ. Table 5.5 shows the summary of the soil-
geosynthetics interface friction angles, δ calculated for all the field pullout tests. In the 
same table, the peak forces, effective contact area and average vertical pressures at peak 
pullout forces are also presented because they are used in the computation of the soil-
geosynthetics interface friction angles, δ. For all the field pullout tests, residual soil is used 
as the backfill. For all the computations, soil-geosynthetics interface cohesion, c equals to 6 
kPa are applied. The soil friction angle, ø is taken as 36º. 
Table 5.5 Summary of field soil-geosynthetics interface friction angles 
















 at  
c = 6 kPa 
δ/ø Eø  





in “dry” soil 
condition  




in “wet” soil 
condition 












12.75* 0.7392 46.08 13.7º 0.39 0.34 
* Indicates the peak shear force, i.e. peak pullout force minus peak bearing force 
 
Kharchafi & Dysli (1993) showed that the interface friction angle between non-woven 
geotextile and silt was 17.8º. Test-F1 was conducted between composite geotextile and 
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residual soil. The major contribution of friction is borne by the non-woven portion of the 
geotextile. The silt and clay content of the residual soil is as high as 46% as shown in 
Figure 4.28. Therefore, the interface friction angle of Test-F1 can be compared to that of 
Kharchafi & Dysli (1993). The interface friction angle of 19.4º of Test-F1 is quite matching 
with what was obtained by Kharchafi & Dysli (1993).  
 
In order to study the effect of having different backfill soil condition, i.e. in “dry” and 
“wet” soil conditions, Test-F1 and F2 are compared. The effective stress, σv’ of Test-F2 is 
lower than that of Test-F1 because the soil of Test-F2 has high excess pore water pressure. 
Consequently, the pullout force achieved by Test-F2 is lower than that of Test-F1. The 
geotextile in “wet” soil condition could retain about 72% of the pullout force of geotextile 
in “dry” soil condition. The soil-geotextile interface friction angle, δ of Test-F2 is lower 
than that of Test-F1. This is because the backfill soil of Test-F2 has softened. However, the 
geotextile in “wet” soil condition could still retain more than 70% of its pullout resistance 
because of this particular type of geotextile has high in-plane drainage capability.  
 
Test-F3 and Test-F4 are used to compare geogrid pullout in different soil condition. The 
pullout force achieved by geogrid in “wet” soil condition is lower than that in “dry” soil 
condition. This is seen in the lower pullout force attained by Test-F4. The percentage of 
pullout force retention in “wet” soil condition is 72%. The soil-geogrid interface friction 
angle obtained by Test-F4 is also lower. The soil of Test-F4 has softened contributing to 
the reduced shearing and bearing resistance. 
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The effect of using different kind of geosynthetics can be seen when comparing Test-F1 
and Test-F3. Test-F1 uses geotextile and Test-F3 uses geogrid. The pullout force achieved 
by geogrid is slightly higher than geotextile. The soil-geogrid interface friction angle is 
equals to 20.7º. This is comparable with soil-geotextile interface friction angle of 19.4º. 
The efficiency of friction, Eø of geogrid-“dry” soil is 52% whereas Eø of geotextile-“dry” 
soil is 48%. These two soil-geosynthetics interface friction angles are comparable may be 
because geogrid is made up of polyester yarns forming grids which are the same material 
geotextile is made of. 
 
The effectiveness of the geosynthetics in “wet” soil condition can be seen by comparing 
Test-F2 and Test-F4. The percentage of pullout force for “wet” soil condition with 
respective to the “dry” soil condition for both the geotextile and geogrid case are found to 
be about the same value of 72%. However, the peak pullout force of Test-F4 is slightly 
higher than Test-F2. This may be because this particular type of geogrid could dissipate 
excess pore water pressure. This particular type of geogrid is made up of a series of 
polyester yarns, with gaps in between the yarns to allow water to flow. Thus, enables it to 
achieve a high pullout force.  
 
Table 5.5 also indicates the values of δ/ø where δ is the soil-geosynthetics friction angle 
and ø is the soil friction angle. These δ/ø values give a design guideline for geotextile and 
geogrid in both “dry” and “wet” soil conditions. They can be used in designing 
geosynthetics reinforced soil slope/wall backfilled with residual soil. 
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To further evaluate the suitability of ultimate bearing capacity by Zhao et al. (1997) for the 
evaluation of the transverse members, another formula on the ultimate bearing capacity is 
used. Bergado & Chai (1996) using Terzaghi general equation for ultimate bearing 
capacity, as given below, to derive the bearing capacity of the transverse member: 
qvcultb NcN σσ +=−     (5.7) 
 
where σb-ult is the ultimate bearing capacity, c is soil cohesion, σv is the vertical stress, Nc 
and Nq are bearing capacity factors. Bergado & Chai (1996) proposed the following 
equations for bearing capacity factors Nc and Nq to calculate the transverse members 

















φβ +−−++= eKKNq   (5.9) 
 
where ø is soil friction angle, K is the horizontal earth pressure coefficient and β is the 
angle of rotational failure zone that varies according to soil compressibility. Laboratory 
pullout test between steel grid and weathered Bangkok clay was conducted. The suggested 
value for β was π/2, the same value used for deriving the bearing capacity equation for a 
strip footing.  The value of the horizontal earth pressure coefficient, K, was related to both 
compaction induced stresses and applied vertical pressure. For tests with vertical pressures 
of 10 to 130 kPa, K = 1.0 had been suggested. With β = π/2 and K = 1.0 the proposed 
formula predicted the laboratory pullout test results of steel grid quite well.  
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By applying the same equations and values of β = π/2 and K = 1.0, the bearing capacity of 
Test-F3 works out to be 1402.0 kPa. This value is much greater than 552.42 kPa as 
obtained using formula by Zhao et al. (1997), i.e. equation 5.5. This set of data also over-
predicted the contribution of bearing component in Test-F3. If the angle of rotational 
failure zone, β is taken as 1.5ø, this resulted in the ultimate bearing capacity of 562.65 kPa 
which is close to that obtained by using formula by Zhao et al. (1997). Hence, it is 
suggested that in order to apply equation 5.8 and 5.9 of Bergado & Chai (1996) in Test-F3, 
β = 1.5ø and K = 1.0 have to be used. 
 
5.7 Concluding Remarks 
A total of four field pullout tests (two on geotextile and two on geogrid) were performed on 
the geosynthetics reinforced soil slope backfilled with residual soil in conjunction with the 
actual construction of a three-tier GRS slope in Bukit Batok, Singapore. Interface 
properties were evaluated from the tests.  
 
All the four tests showed that, upon reloading the pullout force returned to almost the same 
residual force that the geosynthetics experienced just before unloading of the earlier 
loading stage. Subsequently, the pullout force is reduced following the same trend as the 
earlier loading curve. This study shows that some transverse members of geogrid were 
twisted, as seen in the exhumed sample of geogrid, during the pullout process. This twisted 
transverse members resulted in larger area for bearing resistance. This explains why that 
other published literature obtained an unreasonable high interface friction angle as they 
grouped this bearing resistance into the frictional component. Study on the exhumed 
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geogrid sample of pullout test showed that the transverse members had twisted in both 
“dry” soil and “wet” soil condition. However, the twist angle, α in “wet” soil condition is 
about half of that of “dry” soil condition. Also in this study pullout test were conducted on 
composite geotextile and residual soil. The residual soil has high silt and clay content. The 
interface friction angle obtained is found to be comparable with that by Kharchafi & Dysli 
(1993). This seems to suggest that the major contribution of friction is borne by the non-
woven portion of the composite geotextile.  
 
In general, the soil-geotextile interface friction angle, δ of “wet” soil condition is lower 
than that of “dry” soil condition. This is because the backfill soil in the “wet” state has 
softened. However, the geotextile in “wet” soil condition could still retain more than 70% 
of the pullout force of geotextile in “dry” soil condition. The geotextile in “wet” soil 
condition could still retain high pullout resistance because this particular type of geotextile 
has high in-plane drainage capability. The pullout force achieved by geogrid in “wet” soil 
condition is also lower than that in “dry” soil condition. Similar to the composite geotextile 
case, the percentage of pullout force retention in “wet” soil condition is still as high as 
70%. This is because this particular type of geogrid is made by a series of polyester yarns, 
with gaps in between the yarns to allow water to flow, thus, dissipating excess pore water 
pressure. This may not be the case for other geogrid that shows no capability of dissipating 
pore water pressure. 
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Figure 5.1: Pullout force versus clamp displacement, Test-F1 
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Figure 5.2: Clamp displacement versus elapsed time, Test-F1 
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Figure 5.5: Strain development versus front clamp displacement, Test-F1 
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Figure 5.6: Strain development derived from telltales versus front clamp 
displacement, Test-F1 
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Figure 5.9a: Stress development versus front clamp displacement, Test-F1 
 
 
Figure 5.9b: Sketches of the evaluation methods of the pullout resistance 
(after Ochiai et al., 1996) 
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Figure 5.10: Pullout force versus clamp displacement, Test-F2 
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Figure 5.11: Clamp displacement versus elapsed time, Test-F2 
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Figure 5.12: Clamp displacement versus clock time, Test-F2 
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Figure 5.14: Strain development versus back clamp displacement, Test-F2 
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Figure 5.15: Strain development derived from telltales versus front clamp 
displacement, Test-F2 
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Figure 5.16: Strain development versus distance from back of sleeve, Test-
F2 
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Figure 5.18: Stress development versus back clamp displacement, Test-F2 
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Figure 5.20: Front clamp displacement versus elapsed time, Test-F3 
 





























Figure 5.21: Clamp displacement versus clock time, Test-F3 
 
 






































Figure 5.22: Telltale displacement versus elapsed time, Test-F3 
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Figure 5.24: Strain development versus front clamp displacement, Test-F3 
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Figure 5.28: Stress development versus front clamp displacement, Test-F3 
























Figure 5.29: Components of pullout force, Test-F3 
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Figure 5.31: Pullout force versus clamp displacement, Test-F4 
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Figure 5.32: Front clamp displacement versus elapsed time, Test-F4 
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Figure 5.33: Clamp displacement versus clock time, Test-F4 
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Figure 5.35: Strain development versus front clamp displacement, Test-F4 
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Figure 5.37: Strain development derived from telltales versus front clamp 
displacement, Test-F4 
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Figure 5.38: Strain development versus distance from back of sleeve, Test-
F4 
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Figure 5.39: Pore pressure development versus front clamp displacement, 
Test-F4 
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Figure 5.41: Components of pullout force, Test-F4 
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Figure 5.43: Interface shear stress development of Test-F3 and Test-F4 
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Chapter 6 - Results and Discussion on Laboratory Pullout Tests 
 
6.1 Introduction 
This chapter covers the results of laboratory pullout tests conducted. In each test, the 
pullout force development, telltale movement development, strain development, pore 
pressure development and stress development were recorded and discussed in this chapter. 
Pullout force was continuously monitored from the start of the pulling. Pullout failure is 
indicated by a drop in the pullout force. The pulling rate for all the laboratory pullout tests 
is maintained at 2.5 mm/min ± 0.1 mm/min. 
 
In this series of research, six number of laboratory pullout test were conducted. The first 
laboratory pullout test, Test-L1 was conducted on geotextile in suitable residual soil. This 
served as the “base configuration” to be compared with other tests. In meeting with the 
objective of studying the layered soil system, Test-L2, L3 and L4 were conducted with 
unsuitable residual soil layered with sand thickness of 15 mm, 30 mm and 70 mm 
respectively. To meet the objective of investigating different type of geosynthetics 
reinforcement, Test-L5 was conducted on geogrid in suitable residual soil. Test-L6 was 
also done on geogrid but without its transverse members so as to study the influence of the 
bearing capacity provided by the transverse members. 
 
6.2 Laboratory Test-L1: Geotextile in suitable soil fill 
The first laboratory pullout test is conducted on geotextile in suitable residual soil fill. It 
serves as a “base configuration” of which subsequent tests will be compared with. In 
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particular, the results of a new proposed layered soil system will be compared with this 
“base configuration” to evaluate the effectiveness of this new layered soil system. In 
addition, it allows comparison of geogrid reinforcement and geotextile reinforcement 
where Test-L5 was performed on geogrid with similar soil than this.  
 
The specifications of the soil used in this test meet the contractual requirements, which 
define the percentage of fines, plasticity index and degree of compaction. 
 
6.2.1 Pullout Force Development 
Figure 6.1 shows pullout force versus clamp displacement of Test-L1. Due to the limited 
stroke length of the pulling shaft, the complete pulling is done in two stages. After reaching 
the maximum stroke length of about 250 mm, the test is stopped, (at point A on the graph). 
The geotextile re-clamped at a position nearer to the slopes, with excess portion of 
geotextile being cut away and pulling is resumed. The force will pick-up to the same force 
before unloading and further increased with additional displacement. The combined force 
versus displacement curve is shown in Figure 6.1. 
 
Based on Figure 6.1, the maximum pullout force achieved is 10.36 kN at a corresponding 
clamp displacement of 300 mm or at an elapsed time of 120 minutes. After the peak force 
is attained, the pullout force decreased gradually at a rate of 0.036 kN/min or 0.014 
kN/mm. The residual force is 8.2 kN, achieved at clamp displacement of 434 mm. 
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6.2.2 Telltale Movement Development 
The telltale displacement versus elapsed time curve is shown in Figure 6.2. TT1 which is 
located nearest to the front wall is the first telltale to move. After that, telltales that are 
located further away from the front wall, TT2, TT3, TT4, TT5 and TT6, one by one follow 
suit to move in this order. It is seen that at around 120 minutes, all the telltales, except TT6, 
were moving at the same rate indicating a pullout failure. This demonstrates that when the 
soil-geotextile interface has fully mobilized its maximum pullout resistance, the entire 
sheet of the embedded geotextile would stop stretching and begin to displace forward like a 
rigid body. TT6 does not seem to be moving at the same rate as the other telltales at this 
point. This is possibly due to slippage of yarns at the location of TT6, as can be seen in 
Figure 6.3. It is obvious that yarns slippage will cause that particular part of the geotextile 
to no longer function as a composite geotextile and the strain and elongation of that portion 
of geotextile mimics that of the polypropylene base alone, rather than the composite which 
is dominated by stronger polyester yarns as at TT1 to TT5. 
 
Another observation is that the displacement of TT1 and TT2 are almost similar throughout 
the test. Telltale, TT1 seems to register lower movement than expected probably due to its 
close proximity to the front boundary. 
 
6.2.3 Geotextile Strain Development 
The strain development versus clamp displacement curve is shown in Figure 6.4. It is seen 
that for the in-soil strain gauges (strain gauges that are located at the portion of geotextile 
test piece which is embedded in the soil), i.e. S3, S4, S5, S6 and S7; the strain gauges 
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nearer to the front wall facing elongate first before those that are located further away from 
the front wall. This concurs with the telltales’ movement development, where the front 
telltales move earlier before those located towards the back of the wall. The strain 
development curve indicates that the mobilized strain of the geotextile decreases as the 
geotextile location move further away from the front wall facing. 
 
The in-soil geotextile strain development shows a trend of a small increase in strain at the 
beginning of the pullout test followed by a relatively sudden increase in strain after 
reaching a particular strain value. After that the strain rise sharply, then followed by 
malfunctioning of the strain gauges. This sharp rising of strain is happening at a strain 
value of about 1%. This is possibly caused by the separation of the strain gauges from the 
geotextile at this point as the strain gauge itself is having a capacity of 20%, but was 
mounted on the geotextile via stiffer glue. 
 
The strain gauges that are located on the geotextile test piece outside of the backfill soil (in-
air strain gauges) are S1 and S2. The strain development of S1 and S2 are quite close to 
each other. This shows that the geotextile test piece is being pulled out uniformly across its 
width.   
 
6.2.4 Pore Pressure Development 
For Test-L1, tensiometer readings recorded by TS1, TS2 and TS3 are 17 kPa, 17 kPa and 
11 kPa respectively. Therefore the average tensiometer reading is 15 kPa. This indicates 
that the soil is in a suction state having a partially saturated condition.  
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The changes in pore pressure during the whole pullout test duration as recorded by PPTs 
are shown in Figure 6.5. The curve indicates that the changes of pore pressure during the 
whole pullout test duration are within a small magnitude, not exceeding the range of 1.0 
kPa. Figure 6.5 shows a change in pore pressure when the geotextile is unclamped. This 
may be because when the geotextile test piece is released, the surrounding soil will either 
expand or contract. Thus, causing pore pressure changes around the geotextile. 
 
6.2.5 Stress Development 
The increase in vertical pressure may be due to two mechanisms. The first mechanism is 
the dilation of the soil caused by geotextile shearing the soil during pullout test. The 
shearing of the soil causes an increase in volume of the soil and in turn causes an increase 
in the vertical pressure due to the confinement by the surrounding non-dilating soil. This 
can be seen in Figure 6.6. The second mechanism is an increase in lateral pressure due to a 
rigid front facing which in turn causing an increase in the vertical pressure. For this series 
of laboratory tests, a semi-flexible front facing is used, thus lateral earth pressure may still 
develop.  
 
Figure 6.7 shows the stress development curve of Test-L1. The front TPC, TPC1, shows an 
increase followed by a drop in pressure at 50 mm clamp displacement, which increase 
again at 90 mm clamp displacement. The small drop in pressure may have been caused by 
movement of the flexible front facing, causing a drop in lateral pressure and subsequently, 
the vertical pressure. Since there is a limit to how much the soil can deform, the flexible 
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facing then stabilizes and lateral pressure then builds up again, causing the vertical pressure 
to rise once more. 
 
It is also found that certain TPCs record increase in vertical pressure at different times. This 
is likely to be due to dilatancy of the soil due to progressive mobilization of shear force. 
This explanation is supported by evidence of the telltale movement development shown in 
Figure 6.2. By referring to the two graphs, it is revealed that an increase in vertical pressure 
recorded by the total pressure cell corresponds to the telltale that is starting to move. 
 
The average vertical pressure is based on data of TPC1, TPC2 and TPC4 only. Readings of 
TPC3 are omitted because TPC3 records a comparatively less pressure than the other total 
pressure cells. This is very likely due to the position of the total pressure cell. From the 
plan view of the setup, it can be seen that TPC3 and TPC4 are located at the edges of the 
geotextile test piece. Data from other pullout tests shows that these two total pressure cells 
consistently registered lower readings than TPC1 and TPC2. This implies that they are not 
measuring the true vertical pressure that is happening above the geotextile. In the case of 
Test-L1, TPC4 could measure readings comparable to TPC1 and TPC2 is likely due to the 
placement of the geotextile during installation such as that it is skewed more towards 
TPC4. This notion is further supported by the readings recorded by TPC4 being in between 
that of TPC1 and TPC2. The average vertical pressure recorded at peak pullout force is 
24.80 kPa. The average vertical pressure recorded before pullout of geotextile is 9.79 kPa. 
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The horizontal total pressure changes versus clamp displacement curve are shown in Figure 
6.8. It shows a decrease in lateral pressure at the front facing with increase in clamp 
displacement. The decrease in lateral pressure is possibly due to the movement of the 
flexible front facing. As the pullout test continued, the contact surface of the horizontal 
pressure cell may have detached from the soil, thus causing further reduction in HPC 
readings. After the pullout test is completed, the flexible front facing is observed to have 
moved forward.  
 
6.2.6 Calculations of δ 
Soil-geosynthetics interface friction angle, δ can be calculated from the shear stress 
equation: 
c+= δστ tan'     (6.1) 
 
where τ is the pullout shear stress, σ’ is the effective normal stress at soil-geosynthetics 
interface, δ is the soil-geosynthetics friction angle and c is the soil-geosynthetics cohesion. 
Substituting τ = F/2A into Equation 6.1, yields: 
)tan'(2 cAF += δσ     (6.2) 
 
where F is the pullout force and A is the area of geosynthetics embedded in soil. 
 
For Test-L1, the peak pullout force is 10.36 kN, the width and length of geotextile 
reinforcement embedded in soil are 0.3 m and 0.95 m respectively, the average suction is 
15 kPa and the average vertical pressure at peak pullout force is 24.80 kPa. By assuming 
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soil-geotextile interface cohesion, c to be 6 kPa as the cohesion of residual soil is equal to 6 
kPa, the friction angle, δ obtained by using Equation 6.2 is 17.0o. In conventional design, 
the initial average vertical pressure is used instead of that at peak pullout force. In this case, 
the initial average vertical pressure is 9.79 kPa and c of 6 kPa will give rise to the interface 
friction angle, δ of 26.2o which seems to be a bit on the high side. 
 
6.3 Laboratory Test-L2: Geotextile in unsuitable soil layered with 15 
mm thick sand 
The second laboratory pullout test is to study the layered soil system. In this laboratory 
pullout test, geotextile is embedded in residual soil that is layered with 15 mm thick sand. 
This residual soil does not satisfy the specified requirements in the contract on particle size 
distribution and plasticity index. A schematic diagram of the test setup is shown in Figure 
6.9. 
 
6.3.1 Pullout Force Development     
Figure 6.10 shows the graph of pullout force development versus clamp displacement for 
Test-L2. The most prominent trend is the display of multiple peaks of pullout force. This 
differs from other pullout tests that were conducted by other researchers such as Lim 
(2002) and Seah (2003), where the pullout force increases monotonically until peak pullout 
force is reached. After that, the pullout force falls or approaches a residual level 
asymptotically which is shown in Figure 6.11. But for Test-L2, it is seen that the thin sand 
layer has a significant effect on the pullout resistance. Sand-residual soil interface has a 
lower interface friction angle as compared to sand-geotextile interface. Therefore, the sand 
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is more likely to slip from the residual soil during pullout of the geotextile test piece. This 
is proven by the observation of thin sand layer coming out intact together with the 
geotextile during the test and is shown in Figure 6.12. 
  
Slippage occurs at the sand-residual soil interface, instead of sand-geotextile interface, 
when the pullout force exceeds the sand-residual soil interface friction. However, this 
slippage also causes rearrangement of the soil particles at the sand-residual soil interface, 
resulting in a slight drop in the peak pullout force. Continuing pulling of the geotextile 
causes another peak in pullout resistance because a higher pullout force is required to 
overcome the new alignment of soil particles. This phenomenon explains the trend of 
multiple peaks found in pullout force development curve. Figure 6.10 also shows that the 
maximum pullout force achieved is 10.01 kN, at a corresponding clamp displacement of 
180 mm or at an elapsed time of about 72 minutes.  
 
6.3.2 Telltale Movement Development 
Figure 6.13 shows the curves of telltale displacement plotted against elapsed time. Except 
for TT1 and TT2, all the telltales take their turns to start moving. Telltales which are 
located nearer to the front wall start to move first, followed by telltales that are located 
further away from the front wall. The movement of the telltales displays a similar trend as 
of Test-L1. The third peak of the pullout force development in Figure 6.10 coincides with 
the time of movement of the last telltale, TT6. When all the telltales are moving at the same 
rate then the pullout failure has occurred. 
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6.3.3 Geotextile Strain Development 
Localized strain measured by the strain gauges plotted against clamp displacement is 
shown in Figure 6.14. The general trend shows that the in-soil strain gauges, i.e. S3, S4, S5, 
S6 and S7 capture low strain reading initially followed by a larger increase in strain. This 
similar observation is also made in Test-L1. The rate of increase of in-soil strain is higher 
than that of the in-air strain. This may be because of the difference between the in-air 
geotextile modulus and the in-soil geotextile modulus. 
 
6.3.4 Pore Pressure Development 
The tensiometer readings of Test-L2 recorded by TS1, TS2 and TS3 are 58 kPa, 24 kPa and 
8 kPa respectively. The reading recorded by TS1 is way too high and differs a lot from 
what are recorded by the other two tensiometers. This reading is deemed unreliable and it is 
excluded from future calculations. In Figure 6.15, PPT1 and PPT2 show very little change 
in pore water pressure. This is due to the partial saturation state of the soil. However, PPT3 
shows very large fluctuations in pore water pressure and is deemed to be unreliable and is 
excluded from Figure 6.15. 
 
6.3.5 Stress Development 
Figure 6.16 shows the stress development versus clamp displacement curve of Test-L2. 
TPC3 and TPC4 show much lower readings as compared to TPC1 and TPC2. Similar to 
Test-L1, TPC3 and TPC4 are not within the coverage of geotextile test piece hence, 
registered lower vertical stress. Therefore their data are not used in the computation of the 
average vertical pressure. The average vertical pressure recorded at peak pullout force is 
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26.57 kPa. The average vertical pressure recorded by TPC1 and TPC2 before the pullout 
test is 7.12 kPa. 
 
The TPC that is located near to the front wall facing, TPC1 records an increase in vertical 
pressure and is likely to be due to the combined effects of dilatancy and lateral pressure. 
The TPC that is placed near to back wall, TPC2 shows fluctuations in vertical pressure that 
correspond to the drops in pullout force. This may be because soil particles that are located 
at and surrounding TPC2 could realign themselves under shearing, thus causing the vertical 
pressure fluctuations. 
 
Figure 6.17 shows horizontal pressure development versus clamp displacement curve. The 
horizontal pressure of HPC1 drops initially before registering increase. This shows that 
during the initial movement of the front wall facing, the soil moves away from the sensitive 
surface of HPC1. As a result, lower horizontal pressure is recorded. But as the horizontal 
pressure increases, the soil are pushed back against the sensitive surface of HPC1, leading 
HPC1 to record an increase in the lateral pressure. The pressure trend shown by HPC1 
supports the theory that the soil does separate from the sensitive surface of HPC. By 
referring to Figure 6.16 and Figure 6.17, TPC1 registers a drop in vertical pressure at the 
same time as HPC1 register a drop in horizontal pressure. Then both the horizontal and 
vertical pressure increase at the same time. The relatively small increase in horizontal 
pressure shows that the front wall facing is semi-flexible. 
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6.3.6 Calculations of δ 
As for Test-L2, the peak pullout force is 10.01 kN, the average suction is 16 kPa and the 
average vertical stress at peak pullout force is 26.57 kPa. By having c as 6 kPa, the friction 
angle, δ obtained by using Equation 6.2 is 15.2o. The initial average vertical pressure is 
7.12 kPa coupled with c of 6 kPa, will give the interface friction angle equals to 26.6 o. For 
Test-L2, the interface friction angles calculated are for the sand-residual soil interface, as 
the sand layer moved out together with the geotextile during pullout.  
 
6.4 Laboratory Test-L3: Geotextile in unsuitable soil layered with 30 
mm thick sand 
The third laboratory pullout test is to evaluate the possibility of using residual soil that does 
not satisfy the specified requirements on plasticity index and liquid limit of the contract. 
Hence, it is proposed to use this soil layered with a thicker layer of sand of 30 mm. The 
pullout test setup is the same as in Test-L2 except for the increase in thickness of the sand 
layer from 15 mm to 30 mm. 
 
6.4.1 Pullout Force Development 
The pullout force versus clamp displacement for Test-L3 is seen in Figure 6.18. The trend 
of the pullout force development follows that of a typical pullout test. However, it is 
observed that there is occurrence of slippage of sand layer which came out together with 
the geotextile test piece during pullout. 
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The maximum pullout force achieved is 11.66 kN at a corresponding clamp displacement 
of 82 mm, that is an elapsed time of 32.8 minutes. After the peak force is attained, the 
pullout force decreases gradually at 0.096 kN/min or 0.039 kN/mm. 
 
6.4.2 Telltale Movement Development 
Figure 6.19 shows the telltale displacement versus elapsed time curve of Test-L3. The first 
telltale, TT1 starts to move significantly at about elapsed time of 24 min. This is earlier 
than Test-L1, where its first telltale, TT1 starts to move significantly at about elapsed time 
of 44 min. At elapsed time of 60 min, TT2 and TT3 of Test-L3 have moved about 78.0 mm 
and 80.0 mm respectively. At the same elapsed time of 60 min, TT2 and TT3 of Test-L1 
have only moved about 14.5 mm and 3.9 mm respectively. These shows that the telltales of 
Test-L3 start to move earlier and more quickly through the geotextile test piece as 
compared to Test-L1. For Test-L3, the telltales are moving close to each other compared to 
Test-L1 which its telltales are further apart. This means the geotextile of Test-L3 is 
experiencing less stretching than that of Test-L1. Such curve trend of telltales’ movement 
of Test-L3 is attributed to the influence of the significant thickness of sand layer. The 
earlier mobilization of frictional resistance and quicker progressive mobilization of 
frictional resistance are the behavior of laboratory pullout test when a fabric material is 
embedded in sand. This is demonstrated in Test-L3. The later mobilization of frictional 
resistance and slower progressive mobilization of frictional resistance are the behavior of 
laboratory pullout test when a fabric material is embedded in residual soil. This is shown in 
Test-L1.  
 
                                       Chapter 6 - Results and Discussion on Laboratory Pullout Tests 
  234 
6.4.3 Geotextile Strain Development 
The strain development versus clamp displacement curve of Test-L3 is displayed by Figure 
6.20. The general trend shows that for the strain gauges that are embedded in the soil, i.e. 
S3, S4, S5 and S7, the strain gauges record low strain initially followed by a large increase 
in strain. It is observed that S6 undergoes negative strain or compression. Resistance type 
strain gauge is not meant to measure compression nor the strain gauge calibrated for 
compression. Therefore that data cannot be ascertain and is hence not included in the 
graph. Figure 6.20 also shows a rapid increase in strain as recorded by S3, S4 and S5 which 
happen at around the same time. This compares well with the telltale readings and thus 
demonstrates that the mobilization of geotextile in sand layer is rather rapid. 
 
6.4.4 Pore Pressure Development 
The tensiometers of Test-L3, TS1, TS2 and TS3 read 24.0 kPa, 18.5 kPa and 10.0 kPa 
respectively. The development of pore water pressure is shown in Figure 6.21. Due to the 
unreliable results of PPT2, its readings are not included in the graph. 
 
6.4.5 Stress Development 
Figure 6.22 shows the vertical pressure development versus clamp displacement curve of 
Test-L3. TPC1 has malfunctioned shortly after the pullout test began. Hence, its complete 
readings are not available. Therefore, only the readings of the TPC2 are used for the 
calculation of vertical pressure. The vertical pressure recorded at peak pullout force is 
31.77 kN. The average vertical pressure recorded before the start of the pullout test is 10.74 
kPa.  
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The changes in the horizontal pressure against clamp displacement are shown in Figure 
6.23. The results show a similar trend of an initial decrease followed by an increase in the 
horizontal pressure. 
  
6.4.6 Calculations of δ 
For Test-L3, the peak pullout force is 11.66 kN, the average suction is 17.5 kPa and the 
average vertical stress at peak pullout is 31.77 kPa. By assuming c is 6 kPa, the friction 
angle, δ obtained by using Equation 6.2 is 16.4o. In this test, the initial average vertical 
pressure is 10.74 kPa. For c equals of 6 kPa, the interface friction angle is 27.1 o.  
 
6.5 Laboratory Test-L4: Geotextile in unsuitable soil layered with 70 
mm thick sand 
The fourth laboratory pullout test is also to study the layered soil system. Geotextile is 
embedded in residual soil that is layered with a thicker layer of sand than Test-L2 and Test-
L3. The pullout test setup is the same as in Test-L2 and Test-L3 except for the change in 
thickness of the sand layer from 15 mm and 30 mm respectively to 70 mm. 
 
6.5.1 Pullout Force Development 
Figure 6.24 shows the curve of pullout force versus clamp displacement for Test-L4. There 
are two relatively linear phases of increase in pullout force before peak pullout force is 
achieved. The curve trend of the pullout force development suggests that a typical pullout 
failure is achieved as in Test-L1. This means that the sand layer has not changed the curve 
trend or pullout force trend. Observation of the soil coming out with the geotextile shows 
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little sand coming out and no whole sand layer of 70 mm thick coming out intact together 
with the geotextile test piece. A whole thickness of sand layer coming out intact together 
with the geotextile test piece was observed in Test-L2 and Test-L3. This seems to suggest 
that the sand layer is thick enough that the bonding between residual soil and sand is good. 
Failure occurs at the sand-geotextile interface plane. 
 
For Test-L4, the maximum pullout force achieved is 11.42 kN at a corresponding clamp 
displacement of 118 mm or at an elapsed time of 47.2 minutes. After the peak force is 
attained, the pullout force decreased gradually at 0.072 kN/min or 0.028 kN/mm. 
 
6.5.2 Telltale Movement Development 
The telltale displacement versus elapsed time curve of Test-L4 is shown in Figure 6.25. 
Except for TT1 and TT2, the rest of the telltales start to move according to their positions 
away from the front wall facing. In this test, the displacement of TT1 lags behind that of 
TT2.  The curve trend of the telltales in Test-L4 is similar to that of Test-L3. After about 56 
minutes, all the telltales move at the same rate which signifies that a pullout failure has 
occurred. 
 
6.5.3 Geotextile Strain Development 
Figure 6.26 shows the local strain as measured by the strain gauges being plotted against 
elapsed time. As with the previous three pullout tests, the general trend shows that for the 
strain gauges in the soil, i.e. S3, S4, S5, S6 and S7, the strain gauges record low strain 
initially followed by a large increase in strain.  
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6.5.4 Pore Pressure Development 
For Test-L4, tensiometers TS1, TS2 and TS3 record 12.0 kPa, 9.0 kPa and 0.5 kPa 
respectively. Considering the soil condition of Test-L2 and Test-L3 and also that the soil is 
in suction state, the reading of TS3 is deemed to be too low and is ignored in future 
calculations. The changes in pore pressure readings are shown in Figure 6.27. As compared 
to the previous three laboratory pullout tests, the pore pressure fluctuations are relatively 
high. 
 
6.5.5 Stress Development 
Figure 6.28 shows the vertical pressure development versus clamp displacement curve. For 
this test, it is observed that TPC3 and TPC4 record vertical pressures close to that of TPC1 
and TPC2 but with relatively little change in the vertical pressures. Hence, they are not 
used in the computation of the average vertical pressure. The average vertical pressure 
recorded at peak pullout force is 27.19 kPa. The average vertical pressure recorded before 
the pullout test start is 10.08 kPa. 
 
It is found that the front TPC, TPC1 shows low vertical pressure compared to TPC2. This 
is probably due to the test setup at the front wall facing. A 75 mm gap is left in the front 
facing to allow the sand layer to slip through. This provision is made to allow sand layer 
slippage if any. The gap may have prevented proper compaction of soil at the front wall 
facing. This is shown by the low initial vertical pressure being registered by TPC1. During 
pullout, the building up of lateral pressure at the front wall facing causes the sand near the 
front to collapse. This results in a cavity at the sand above the geotextile, as seen in Figure 
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6.29. This could have allowed the soil surrounding TPC1 to expand into the open space, 
thereby reducing vertical pressure there. The reduction in the soil volume in front could 
cause the remaining soil to carry a larger portion of load from the surcharge which explains 
the high pressures recorded by TPC2. 
 
Figure 6.30 shows the change in horizontal pressure versus clamp displacement of Test-L4. 
The results show a similar trend as recorded by HPC1 in Test-L2.  
 
6.5.6 Calculations of δ 
For Test-L4, the peak pullout force is 11.42 kN, the average suction is 10.5 kPa and the 
average vertical stress at peak pullout force is 27.19 kPa. Since failure was observed at the 
sand-geotextile interface, c is assumed to be 0 kPa. The friction angle, δ obtained by using 
Equation 6.2 is 28.0o. In this test, the initial average vertical pressure is 10.08 kPa. Interface 
friction angle is 44.2o; arising from c equals to 0 kPa. In this case, the interface friction 
angle is comparatively higher than those obtained from the previous tests as it reflects the 
sand-geotextile interface.  
 
6.6 Laboratory Test-L5: Geogrid in suitable soil fill 
The fifth laboratory pullout test, Test-L5 is designed to compare the performance between 
the two types of geosynthetics, i.e. geotextile and geogrid. The soil used for this test is the 
same as Test-L1 but the reinforcement used is geogrid. The average CBR value for each 
compacted soil layer is 2.5, which is the same as Test-L1. Soil samples taken show that the 
average moisture content is 14.7% and the bulk density is 19.9 kN/m3.  
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6.6.1 Pullout Force Development 
Figure 6.31 shows the pullout force versus clamp displacement curve. The peak pullout 
force achieved is 15.79 kN at a clamp displacement of 97 mm. Compared to the laboratory 
pullout test on geotextile, the peak pullout force is achieved much faster. This is because 
geogrid is consisted of grids which are much rigid compared to geotextile which is a fabric 
material. After the peak pullout force is achieved, the pullout force drops at a constant rate 
without any visible residual pullout force until the test ceased. If based on the gross area of 
geogrid embedded in soil of 0.285 m2 and combining the bearing resistance together with 
the shearing resistance then the interface shear strength is 27.7 kN/m2. The residual force is 
12.3 kN and achieved at clamp displacement of 252 mm. 
 
6.6.2 Telltale Movement Displacements 
The telltale displacement versus elapsed time curve of Test-L5 is shown in Figure 6.32. As 
seen from the graph, all the telltales moved at about the same time. As compared to Test-
L1 on geotextile, all the telltales of Test-L5 start to move earlier. The last telltale, TT6 of 
geogrid starts to move quickly at about elapsed time of 38 min whereas TT6 of geotextile 
only start to move significantly at about elapsed time of 106 min. This shows that the shear 
resistance is being mobilized more quickly along the geogrid test piece than along the 
geotextile test piece. When comparing the movement of the telltales at a particular elapsed 
time, it is found that in geogrid the movements of subsequent telltales are close to each 
other. As for geotextile, at a particular elapsed time, the movements of subsequent telltales 
are further apart. At elapsed time of 60 min, TT2 and TT3 of Test-L3 move about 51.3 mm 
and 54.6 mm respectively. At the same elapsed time of 60 min, TT2 and TT3 of Test-L1 
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have only moved about 14.5 mm and 3.9 mm respectively. This shows that geogrid is 
stretching less than geotextile during the pullout test. Both the trends of the telltales signify 
the behavior of geogrid which is of a grid material compared to geotextile which is of a 
fabric material. The earlier mobilization of frictional resistance and quicker progressive 
mobilization of frictional resistance are the behavior of laboratory pullout test when a grid 
material is embedded in residual soil. This is demonstrated in Test-L5. The later 
mobilization of frictional resistance and slower progressive mobilization of frictional 
resistance are the behavior of laboratory pullout test when a fabric material is embedded in 
residual soil. This is shown in Test-L1.  Figure 6.33 shows the behavior of different type of 
geosynthetics in various combinations of geosynthetics reinforcement and backfill soil.  
 
All the telltales of Test-L5 start to move rapidly after elapsed time of about 40 minutes. 
This is also the same moment when the peak pullout force is attained. After this clamp 
displacement, all the telltales move at a same rate signifying that the geogrid moves as a 
rigid body without further stretching. In Figure 6.34, it is seen that the telltale head is still 
attached to the members joint.  
 
6.6.3 Geogrid Strain Development 
Figure 6.35 shows the strain development versus clamp displacement curve of Test-L5. 
The in-soil strain gauges start to register strain increase at early stage of the pullout test. All 
the in-soil strain gauges failed before the peak pullout force is reached at a clamp 
displacement of 97 mm. The trend of the strain gauges curve indicates a fast progressive 
propagation of strain along the geogrid which concur well with the telltale development 
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curve. It is noted that the propagation of strain in geogrid is faster than that in geotextile. 
After S3 has reached maximum strain increase rate, it only took clamp displacement of 
about 40 mm for S7 to reach maximum strain increase rate.  
 
6.6.4 Stress Development 
Figure 6.36 shows the stress development versus clamp displacement of Test-L5. The 
average initial vertical pressure records by TPC1 and TPC2 is 10.33 kPa. At the initial 
stage of the test, TPC1 and TPC2 record drop in pressures before increasing again. This 
could mean that the soil around the geogrid is realigning into a tighter matrix causing the 
interface friction to increase. Due to the tighter matrix, the soil near to the TPCs 
experiences a slight expansion and thus causing the vertical pressures to drop. Towards the 
end of the pullout test, TPC2 experiences a drop in pressure. This may be due to the void 
created in the soil as the rear end of the geogrid passes under TPC2.  
 
For Test-L5, the peak pullout force is 15.79 kN. At the occurrence of peak pullout force, 
the average vertical pressure is 26.08 kPa. The average suction recorded is 15 kPa. By 
assuming the soil-geogrid cohesion, c to be 6 kPa and by taking the gross geogrid 
embedded area of 0.285 m2 in Equation 6.2, the soil-geogrid friction angle, δ will be 27.8º. 
Also if based on the initial vertical pressure of 10.33 kPa, the friction angle turns out to be 
40.6º. 
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The detail method of analyzing the soil-geogrid friction angle is by considering the bearing 
resistance or passive resistance of the transverse members. However, the bearing resistance 
has to be found first and this is done through Test-L6. 
 
In Figure 6.37, it can be seen that the transverse members have deformed. This could 
possibly indicate that the bearing resistance of the transverse member is significantly 
contributing to the mobilization of pullout force. Referring to Figure 6.34 again, shows that 
the transverse members are still attached to the longitudinal members after the pullout test. 
 
6.7 Laboratory Test-L6: Geogrid without transverse members in 
suitable soil fill 
The sixth laboratory pullout test, Test-L6 is also performed on geogrid but without its 
transverse members. Test-L6 is meant to investigate the significance of the passive 
resistance or bearing capacity that is being contributed by the transverse members of the 
geogrid. The CBR probe made during soil compaction phase indicates that an average 
value of CBR of 2.5 is achieved at each layer. Soil tests performed on soil samples after the 
pullout test shows that the average moisture content of the soil is 15.51% and the bulk 
density is 20.52 kN/m3.  
 
6.7.1 Pullout Force Development 
The pullout force versus clamp displacement curve of Test-L6 is shown in Figure 6.38. The 
peak pullout force is 11.11 kN occurring at a clamp displacement of 60 mm. If based on a 
gross area of 0.285 m2, the shear strength is equal to 19.5 kPa. There is a visible residual 
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strength of about 4 kN at clamp displacement of around 130 mm onwards. This represents 
a 64% in pullout force reduction from the peak pullout force.  
 
6.7.2 Telltale Movement Development 
Figure 6.39 shows the telltale movement development curve of Test-L6. After an elapsed 
time of 24 minutes when the pullout peak pullout force occurred, all telltales move at a 
same rate. The time occurred is sooner than that of Test-L5. TT2 and TT4 are moving at a 
different rate than the rest of the telltales. The movements of TT2 and TT4 do not reflect 
the true geogrid displacement as they have slipped substantially from their original telltale 
positions. Examine of the exhumed geogrid test piece after the pullout test revealed that all 
the telltale heads have slipped from their original positions toward the back of the test piece 
as the telltale wires are connecting to weights at the rear. This explains why the 
displacements of the telltales are not in the correct sequence of propagation of shear force 
mobilization which is supposed to start from TT1 then to TT6. 
 
A schematic diagram on the slippages of the telltale heads is shown in Figure 6.40. The 
short vertical lines represent the original position of the telltale heads before performing the 
pullout test, while the little circles represent the new position of the telltale heads after the 
pullout test is completed. Table 6.1 compiles the amount of slippage of each telltale heads. 
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Table 6.1: Amount of slippage of each telltale heads of Test-L6 








6.7.3 Geogrid Strain Development  
Figure 6.42 shows the strain development curve of Test-L6. Except for strain gauges S3 
and S7, the rest of the in-soil strain gauges failed before the peak pullout force is reached. 
A clamp displacement of about 45 mm is required for the strain to propagate from S4 to S7. 
 
6.7.4 Stress Development 
Figure 6.43 shows the vertical pressure development versus clamp displacement curve of 
Test-L6. The average initial vertical pressure recorded by the four TPCs is 9.70 kPa. Both 
TPC1 and TPC2 register decrease in pressure at the start of the test and this trend is similar 
as in Test-L5. At peak pullout force, the average vertical pressure of TPC1 and TPC2 is 
14.02 kPa. The average suction of this test is 14.5 kPa. The average initial vertical pressure 
and the average suction are similar to that of Test-L5. 
 
The peak pullout force obtained is 11.11 kN. There are 8 longitudinal members on the 
geogrid test piece. Hence, the average pullout force on each longitudinal member is 1.39 
kN. Figure 6.44 shows the geogrid test piece after the test. All the remaining transverse 
members are detached from their joints. Their contributions are neglected to enable the 
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calculation of the bearing or passive resistance. The calculations of the bearing resistance 
are made in the next section.  
 
6.8 Comparison of Laboratory Pullout Test Series 
6.8.1 Shear Resistance and Bearing Resistance 
The detail method of analyzing the soil-geogrid friction angle is by considering the bearing 
resistance or passive resistance of the transverse members. By using this method, the 
effective or net embedded area of geogrid is to be used. Each aperture between the 
members is 0.03 m x 0.023 m and since there are 217 (31 x 7) apertures in the test piece, 
the effective or net area of contact between geogrid and soil is 0.135 m2. The pullout force 
of geogrid is divided into two components. The first one is the shear resistance on the 
surface of members. The second component is the bearing resistance of the transverse 
members. The pullout force of geogrid, Fp can be represented by the following formula: 
bsp FFF +=     (6.3) 
 
where Fs is the shear resistance on the surface of members and Fb is the bearing resistance 
of the transverse members. If the pullout test of the same geogrid with the same spacing is 
performed without transverse members, then Fb is equal to 0 kN. Thus, the pullout force of 
geogrid without transverse members, Fp0 is represented by Equation 6.4, 
sp FF =0     (6.4) 
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By subtracting Fp with Fp0, the bearing resistance, Fb can be found. In this series of 
laboratory pullout tests, Fp is obtained from the results of Test-L5 whereas Fp0 is obtained 
from the results of Test-L6. 
 
The pullout force development of Test-L5 and Test-L6 are plotted together in Figure 6.45. 
At the initial stage of the pullout test, both the curves are joined together. This signifies that 
shear resistance is being mobilized and the pullout force is only consists of shearing 
resistance since the geogrid without transverse members is able to mobilize the same 
pullout force. On reaching a clamp displacement of 45.6 mm, the curves start to split. This 
is when the bearing resistance of geogrid of Test-L5 starts to mobilize. Upon reaching a 
clamp displacement of 59.9 mm, the peak pullout force of geogrid without T-members, 
Test-L6 is achieved. From this point onwards, the increased of the pullout force of the 
complete geogrid or geogrid with transverse members of Test-L5 is due to the bearing 
resistance. When the clamp displacement of 96.8 mm is reached, the peak pullout force of 
Test-L5 is achieved. 
 
Shear resistance is mobilized first because shear resistance could be mobilized at a smaller 
amount of movement of the geogrid. For this type of geogrid, it is found that it have to 
meet two conditions before bearing resistance is mobilized. The first condition is that, the 
transverse members have to be bend and tort. The second condition is that the transverse 
members have to push against the soil to create passive resistance. That is why the bearing 
resistance is only mobilized upon reaching a larger amount of clamp displacement. Figure 
6.46 shows the components of the pullout force. 
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The peak pullout force achieved by the complete geogrid in Test-L5, Fpeak-L5 is 15.79 kN. 
The peak pullout force achieved by geogrid without transverse members in Test-L6 
denoted as Fpeak-L6 is 11.11 kN. Therefore, the ultimate bearing resistance, Fb-ult can be 
written as: 
65 LpeakLpeakultb FFF −−− −=     (6.5) 
 
From the tests results, the transverse members’ ultimate bearing resistance, Fb-ult works out 
to be 4.68 kN/0.3m or 15.60 kN/m. Therefore, the bearing resistance of the transverse 
members, Fb contributed 29.6% to the pullout force, Fp of the geogrid. Fb-ult could be higher 
if there were completely no transverse members in Test-L6. Based on the effective area of 
transverse members that mobilize the bearing pressure, the bearing capacity, σb-ult(test) can 







− =σ     (6.6) 
 
where Fb-ult(test) is the ultimate bearing resistance and Ab is the effective cross-section 
(bearing) area of the transverse members. The width and thickness of each transverse rib is 
0.03 m and 0.0014 m respectively. There are a total of 224 transverse ribs in the geogrid 
test piece. Therefore, the effective area, Ab equals to 0.009408 m2. Then σb-ult(test) works out 
to be 497.45 kPa. 
   
The bearing capacity is further back analyzed, denotes as σb-ult(calc) and calculated by using 
the formula by Zhao et al.(1997): 
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−   (6.7) 
 
where ø is the soil friction angle, c is the soil cohesion and σv is the vertical stress at peak 
pullout force. From consolidated-undrained (CU) test and consolidated-drained (CD) test, ø 
= 36º and c = 6 kPa. At peak pullout force of Test-L5, σv = 41.1 kPa. Hence, the calculated 
ultimate bearing capacity, σb-ult(calc) = 489.38 kPa. The calculated ultimate bearing capacity 
is quite matching with the test ultimate bearing capacity.  
 
The test bearing resistance, Fb-test development of the laboratory pullout test is shown in 
Figure 6.47. The gradient, m represents the development of the bearing resistance in the 
laboratory pullout test. From the figure, m = 0.1688. This m is applied to the field pullout 
test to obtain the field test bearing resistance development. 
 
The remaining component of the peak pullout force, ultimate shear resistance, Fs-ult is found 
using the equation below: 
ultbLpeakults FFF −−− −= 5     (6.8) 
 
Therefore, the maximum shearing force, Fs-ult is 11.11 kN/0.3 m. The effective normal 
stress at peak pullout force for Test-L5 is 41.08 kPa. By assuming the soil-geogrid 
cohesion to be 6 kPa and by taking the net geogrid embedded area of 0.135 m2 in Equation 
6.2, the soil-geogrid friction angle, δ for residual soil works out to be 40.6º. As mentioned 
in Chapter 5 on field pullout test, this value of interface friction angle appeared to be too 
                                       Chapter 6 - Results and Discussion on Laboratory Pullout Tests 
  249 
high between geogrid and residual soil as the soil friction angle is only 36º. The exhumed 
sample of geogrid showed that some transverse members had twisted. The twisted 
transverse members would result in larger area for bearing resistance. Table 6.2 
summarized the effect of the twist angle (α) onto the bearing force (Fb), shear force (Fs), 
interface friction angle (δ) and the corresponding percentage contribution of bearing force 
to the peak pullout force (Fb/Fp). As explained in the Chapter 5 on field pullout test, the 
contribution of bearing force to the peak pullout force is believed to be in the region of 
60% and 70%. Hence, from Table 6.2, it seems to suggest that the actual soil-geogrid 
interface friction angle would be about 18.4º with Fb/Fp at 66.4% for Test-L5. The 
corresponding twist angle is about 15º.  
Table 6.2 Summary of effect of twist angle on the interface friction angle of Test-L5 




Fs (kN) δ 
 
Fb/Fp 
1 0º 4.68 11.11 40.6º 29.6% 
2 5º 6.67 9.12 34.1º 42.3% 
3 10º 8.61 7.18 26.6º 54.6% 
4 15º 10.49 5.30 18.4º 66.4% 
5 20º 12.29 3.50 9.6º 77.8% 
6 25º 13.99 1.80 0.9º 88.6% 
 
6.8.2 Soil-geosynthetics Interface Friction Angle and Shear Stress 
The most important parameter in designing geosynthetics reinforced soil slope/wall is the 
soil-geosynthetics interface friction angle, δ. Table 6.3 shows the summary of the soil-
geosynthetics interface friction angles, δ calculated for all the series of laboratory pullout 
tests. The peak pullout forces, effective contact area and average vertical pressures at peak 
pullout forces are also presented in Table 6.3. They are used in the computation of the 
interface friction angles, δ. For the series of pullout tests, residual soil was used. Hence, for 
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all the calculations, soil-geosynthetics interface cohesion, c equals to 6 kPa is considered 
except for Test-L4 where failure was observed at the sand-geotextile interface. Its soil-
geosynthetics interface cohesion is then assumed to be 0 kPa. The soil friction angle, ø is 
taken as 36º. 
Table 6.3 Summary of laboratory soil-geosynthetics interface friction angles 






















residual soil  





soil with 15 
mm sand 
layer 





soil with 30 
mm sand 
layer 





soil with 70 
mm sand 
layer 
11.42 0.57 37.69 28.0º 
 









5.30# 0.27 41.08 18.4º Residual 
soil-
geogrid 
@ Suitable soil refers to soil meeting the contractual requirements of having a percentage of 
fines not more than 40% and a plasticity index of not more than 20. 
 # Peak shear force, i.e. peak pullout force minus peak bearing force. 
 
 
From Table 6.3, it can be observed that the interface friction angle in Test-L1 is higher than 
that in Test-L2. Thus, this implies that the mobilized pullout resistance for Test-L1 (pullout 
test using suitable residual soil) is higher than that of Test-L2 (pullout test using unsuitable 
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residual soil layered with 15 mm thick of sand). This suggests that a geotextile reinforced 
soil slope using unsuitable fill but improved with thin layers of sand is less effective than a 
system of geosynthetics reinforced soil slope which use wholly suitable residual soil as its 
backfill. This lower interface friction angle is due to the slippage of the thin layer of sand 
from the soil mass together with the geotextile. 
 
In Test-L3 which used slightly thicker layer of sand (30 mm), the interface friction angle is 
higher than that of Test-L2 which used 15 mm sand layer, but still smaller than Test-L1. It 
is noted that there was still slippage of sand layer at the sand-residual soil interface when 
the sand thickness is 30 mm. Increasing sand thickness to 70 mm as in Test-L4, the results 
showed that Test-L4 has a higher interface friction angle of 28.0º compared to 17.0º of 
Test-L1. This suggests that with a sufficient thickness of sand layer, the layered soil system 
is more effective than the system with wholly suitable residual soil. It was also noted that 
there was no slippage of sand was observed in Test-L4.  
 
Figure 6.48 shows the shear stress at peak pullout versus sand thickness of Test-L2, Test-
L3 and Test-L4. It can be observed that for a sand layer thickness of less than 30 mm, there 
is an increase in the shear stress at peak pullout as the thickness of the sand layer increases. 
Beyond a sand layer thickness of 30 mm, the shear stress at peak pullout remains roughly 
the same even though the thickness of the sand layer is increased.  
 
The effective soil-geogrid interface friction angle of Test-L5 equals to 18.4º considering 
only the frictional component. This is comparable with soil-geotextile interface friction 
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angle of Test-L1 of 17.0º. The soil-geosynthetics interface friction angles are almost the 
same may be because both geogrid and geotextile are made from the same material, i.e. 
polyester yarns. 
  
6.9 Comparison of Soil-geosynthetics Friction Angles between Field 
Pullout Test and Laboratory Pullout Test 
Further comparison was done between the soil-geosynthetics interface friction angles 
obtained from the field pullout tests and that obtained from the laboratory pullout tests. The 
summary of the relevant soil-geosynthetics interface friction angles are presented in Table 
6.4 below. 
Table 6.4 Summary of soil-geosynthetics interface friction angles 
Test Type of 
reinforce-
ment 


























10.36 0.57 39.80 17.0º 0.47 
Test-
F3 






5.30* 0.27 41.08 18.4º 0.50 
* Indicates the peak shear force, i.e. peak pullout force minus peak bearing force 
 
Comparison between soil-geotextile interface friction angle from field and laboratory 
pullout tests can be obtained from Test-F1 and Test-L1. The soil-geotextile friction angle, δ 
from field test (Test-F1) is 19.4º as compared to δ from laboratory test (Test-L1) of 17.0º. 
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Thus, is can be concluded that the laboratory pullout test under-predicts the soil-geotextile 
friction angle by 12%, in this case.  
 
On soil-geogrid interface angle, the comparison between field and laboratory pullout test 
values can be obtained from Test-F3 and Test-L5. The soil-geogrid friction angle, δ 
obtained in the field test is 20.7º and δ from laboratory is 18.4º. Again, the results shows 
that the laboratory pullout test under-predicts the soil-geogrid friction angle by 11%, in this 
case.  
Table 6.5 Summary of soil-geosynthetics residual interface friction angles 
Test Type of 
reinforce-
ment 



























8.2 0.57 39.7 11.9º 0.36 
Test-
F3 






4.1* 0.27 51.5 10.2º 0.31 
* Indicates the residual shear force, i.e. residual pullout force minus residual bearing force 
 
The present research shows that the prediction of the soil-geosynthetics interface friction 
angle from laboratory pullout tests is within about 12% of that from the field pullout tests. 
Thus, the laboratory pullout test can be considered as a reasonable good test to evaluate the 
actual interface friction angle in the field performance. However, field pullout tests is still 
needed to ascertain the actual soil-geosynthetics interface friction angles if some of the 
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loading and boundary condition cannot be fully simulated in the laboratory pullout test. 
Table 6.4 also shows the δ/ø ratio for the 4 cases. It seems to suggest that δ/ø of 0.45 and 
0.50 can be used as the conservative design value for this type of residual soil, with this 
category of geotextile and geogrid respectively. The ratio of residual interface friction 
angle to soil residual friction angle, δr/ør is shown in Table 6.5. A ratio of 0.35 and 0.30 can 
be applied for both geotextile and geogrid respectively. This figure is lower than the ratio 
of interface friction angle (peak) to soil friction angle (peak), δ/ø of 0.45 and 0.50 for 
geotextile and geogrid respectively. Hence, this ratio for residual angles is not the same as 
ratio of peak angles. 
 
6.10 Concluding Remarks 
Limited amount of research was done to compare laboratory pullout test and field pullout 
test, to ascertain the direct correlation between the two. A total of six laboratory pullout 
tests were performed to evaluate the interface properties at laboratory condition. These 
were all performed using NUS large-scale pullout apparatus with the same residual soil and 
geosynthetics materials as the field pullout tests.  
 
NUS previous research had shown that suitable residual soil for backfill is those having 
percentage of fines less than 40% and plasticity index, PI of less than 20. However, due to 
the shortage of suitable residual soil at particular project site, an alternative system of using 
unsuitable residual soil layered with thin layer of sand was studied. Results showed that 
pullout tests of layered soil system with thin layer of sand has slippage occurred at the 
sand-residual soil interface with lower δ value. Thus, unsuitable residual soil fill with thin 
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layers of sand in geosynthetics reinforced soil slope is less effective than using suitable 
residual soil as its backfill. However, if the sand layer is of sufficient thickness, geotextile 
pullout test using unsuitable residual soil layered with sand would result in higher interface 
friction angle and having slippage occurred at the sand-geotextile interface instead. This 
suggests that with a sufficient thickness of sand layer, the layered soil system of 
geosynthetics reinforced soil slope then will be govern by sand-geotextile interface 
properties rather than sand-residual soil interface properties. 
 
Assuming that the interface friction angles obtained from the field pullout tests represent 
the actual soil-geosynthetics friction angles when the pullout occurred, large-scale 
laboratory pullout tests under-predicts the soil-geotextile friction angle by 12% and under-
predicts the soil-geogrid friction angle by 11%. Thus, the large-scale laboratory pullout test 
can be considered as a reasonable good test (within 12%), to evaluate the actual interface 
friction angle in the field performance. The results from the field and large-scale laboratory 
pullout tests show that δ/ø of 0.45 and 0.50 can be used as the design value for this type of 
residual soil, with this category of geotextile and geogrid respectively. 
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Figure 6.1: Pullout force versus clamp displacement, Test-L1 
 











































Figure 6.3: Polyester yarns slippage at geotextile rear end, Test-L1 
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Figure 6.7: Stress development versus clamp displacement, Test-L1 
 






































































Figure 6.10: Pullout force versus clamp displacement, Test-L2 
 
  
300 mm thick layer of residual soil  15 mm thick 
layer of sand 
 
Geotextile
  300 mm thick layer of residual soil  
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   (a)        (b)  
 
Figure 6.11: Graphs of pullout force versus clamp displacement of a) Lim 
















































Figure 6.13: Telltale displacement versus elapsed time, Test-L2 
Sand layer slipping out 
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Figure 6.14: Strain development versus clamp displacement, Test-L2 
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Figure 6.16: Stress development versus clamp displacement, Test-L2 
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Figure 6.18: Pullout force versus clamp displacement, Test-L3 
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Figure 6.20: Strain development versus clamp displacement, Test-L3 
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Figure 6.22: Stress development versus clamp displacement, Test-L3 
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Figure 6.24: Pullout force versus clamp displacement, Test-L4 
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Figure 6.26: Strain development versus clamp displacement, Test-L4 
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Figure 6.30: Horizontal pressure changes versus clamp displacement, Test-
L4 
 























Figure 6.31: Pullout force versus clamp displacement, Test-L5 
HPC2
HPC1
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Figure 6.33: Behavior of different type of geosynthetics in various 











Figure 6.34: Telltale heads still attached to the joints and transverse 
members still attached to longitudinal members, Test-L5 
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Figure 6.38: Pullout force versus clamp displacement, Test-L6 
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Figure 6.42: Strain development versus clamp displacement, Test-L6 
 










































Figure 6.44: Geogrid test piece after the test with only longitudinal 
members, Test-L6 
 





















Geogrid with T-members (Test-L5)
Geogrid without T-members (Test-L6)
 
Figure 6.45: Pullout force versus clamp displacement of Tests-L5 and L6 
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Figure 6.46: Components of pullout force versus clamp displacement of 
geogrid 
 


























y = 0.1688x - 7.8081
 
Figure 6.47: Bearing force versus clamp displacement of geogrid 
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Figure 6.48: Shear stress at peak pullout versus sand thickness of Tests-L2, 
L3 and L4 
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Chapter 7 – Conclusions and Recommendations 
 
7.1 Introduction 
One of the critical and important design considerations for geosynthetics reinforced soil 
(GRS) slope/wall is the interface properties between the geosynthetics and the backfill soil. 
These interface properties can be obtained and studied by performing geosynthetics 
laboratory and field pullout tests. Limited amount of research was done to compare 
laboratory pullout test and field pullout test, to ascertain the direct correlation between the 
two. A total of four field pullout tests were performed on the geosynthetics reinforced soil 
slope backfilled with residual soil in conjunction with the actual construction of a three-tier 
GRS slope in Bukit Batok, Singapore. Interface properties were evaluated from the tests. 
For comparison purposes, a total of six laboratory pullout tests were performed to evaluate 
the interface properties at laboratory condition. These were all performed using NUS large-
scale pullout apparatus with the same residual soil and geosynthetics materials as the field 
pullout tests. The conclusion of these pullout tests results are presented in this chapter. 
 
7.2 Field Pullout Tests 
a. Shape of Loading Curve 
There are a total of four field pullout tests conducted in this study, two on geotextile and 
two on geogrid. In all these four tests, loading pattern consists of loading stage till a peak 
pullout force is achieved, followed by unloading stage to zero tension. It is then followed 
by reloading stage. All four tests showed that, upon reloading the pullout force returned to 
almost the same residual force that the geosynthetics experienced just before unloading of 
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the earlier loading stage. Subsequently, the pullout force is reduced following the same 
trend as the earlier loading curve. 
 
b. Mechanism of Pullout for Geogrid and Geotextile 
The pullout force of geogrid is contributed by shearing resistance on the surface of the 
members and bearing resistance of the transverse members. This study shows that some 
transverse members were twisted, as seen in the exhumed sample of geogrid, during the 
pullout process. As the transverse members were pushing against the soil, the rear of the 
transverse members was lifted up forming a twist angle, α to the horizontal plane. This 
twisted transverse members resulted in larger area for bearing resistance. It was shown that 
other published literature which obtained an unreasonable high interface friction angle, in 
this case as they ignored this factor. 
 
Study on the exhumed geogrid sample of pullout test showed that the transverse members 
had twisted in both “dry” soil and “wet” soil condition. However, the twist angle, α in 
“wet” soil condition is about half of that of “dry” soil condition. This may be due to the 
softening of soil in “wet” soil condition.  
 
In contrast to geogrid, geotextile derived its pullout force from shearing resistance of its 
surface only. In this study pullout test were conducted on composite geotextile and residual 
soil. The residual soil has high silt and clay content. The interface friction angle obtained is 
found to be comparable with that by Kharchafi & Dysli (1993) which performed pullout 
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test using non-woven geotextile and similar silt. Thus, it seems to suggest that the major 
contribution of friction is borne by the non-woven portion of the composite geotextile.  
 
It is interesting to note that the “pure friction” component of this residual soil and this 
geogrid is comparable to the soil-geotextile interface friction angle in both “dry” and “wet” 
soil state. However, the actual pullout force may be different in two cases as the actual 
“frictional component” area differed which is dependent on the aperture of the geogrid. 
 
c. Comparison between “Dry” and “Wet” Pullout Tests 
In general, the soil-geotextile interface friction angle, δ of “wet” soil condition is lower 
than that of “dry” soil condition. This is because the backfill soil in the “wet” state has 
softened. However, the geotextile in “wet” soil condition could still retain more than 70% 
of the pullout force of geotextile in “dry” soil condition. The geotextile in “wet” soil 
condition could still retain high pullout resistance because this particular type of geotextile 
has high in-plane drainage capability.  
 
The pullout force achieved by geogrid in “wet” soil condition is also lower than that in 
“dry” soil condition. The soil-geogrid interface friction angle obtained by “wet” state is 
also lower. The soil of “wet” state has softened contributing to the reduced shearing and 
bearing resistance of the geogrid. Similar to the composite geotextile case, the percentage 
of pullout force retention in “wet” soil condition is still as high as 70%. This is because this 
particular type of geogrid is made up of a series of polyester yarns, with gaps in between 
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the yarns to allow water to flow, thus, dissipating excess pore water pressure. This may not 
be the case for other geogrid that shows no capability of dissipating pore water pressure. 
 
7.3 Large-scale Laboratory Pullout Tests on Layered Soil System 
Previous researches conducted in NUS have shown that the characteristic of backfill 
residual soil is important in designing geosynthetics reinforced soil slope. Using unsuitable 
residual soil will result in having an impractically close spacing of geotextile or unusual 
long anchorage length of geotextile. NUS previous research had shown that suitable 
residual soil for backfill is those having percentage of fines less than 40% and plasticity 
index, PI of less than 20. However, due to the shortage of suitable residual soil at particular 
project site, an alternative system of using unsuitable residual soil layered with thin layer of 
sand was studied. Results showed that pullout tests of layered soil system with thin layer of 
sand has slippage occurred at the sand-residual soil interface with lower δ value. Thus, 
unsuitable residual soil fill with thin layers of sand in geosynthetics reinforced soil slope is 
less effective than using suitable residual soil as its backfill.  
 
However, if the sand layer is of sufficient thickness, geotextile pullout test using unsuitable 
residual soil layered with sand would result in higher interface friction angle and having 
slippage occurred at the sand-geotextile interface instead. This suggests that with a 
sufficient thickness of sand layer, the layered soil system of geosynthetics reinforced soil 
slope then will be govern by sand-geotextile interface properties rather than sand-residual 
soil interface properties.  
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7.4 Comparison between Field and Laboratory Pullout Tests 
Assuming that the interface friction angles obtained from the field pullout tests represent 
the actual soil-geosynthetics friction angles when the pullout occurred, large-scale 
laboratory pullout tests under-predicts the soil-geotextile friction angle by 12% and under-
predicts the soil-geogrid friction angle by 11%. Thus, the large-scale laboratory pullout test 
can be considered as a reasonable good test (within 12%), to evaluate the actual interface 
friction angle in the field performance.  
 
In designing geosynthetics reinforced soil wall, interface friction angle has to be 
determined by field or large-scale laboratory pullout tests. In the event that this is not 
available, it can be estimated from the friction angle, ø’, of backfill soil. The results from 
the field and large-scale laboratory pullout tests show that δ/ø is 0.45 and 0.50 can be used 




The contribution of bearing resistance of transverse members of geogrid needs to be further 
investigated under the field condition, especially to evaluate the extent of twisting angle. In 
addition, field pullout test on geogrid without transverse members will have to be 
conducted. The current method of fixing telltale on geogrid is tying at the junction of the 
transverse and longitudinal members. Hence, an alternative method in securing the telltales 
to the longitudinal members alone will have to be devised. This method must ensure that 
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the telltales do not slip along the longitudinal members as the geogrid test piece is being 
pulled. 
 
More comparison between large-scale laboratory pullout tests and field pullout tests should 
be conducted before a standardized large-scale laboratory pullout tests can be established. 
This standardized large-scale laboratory pullout tests can be used as an industry standard in 
determining soil-geosynthetics interface friction angles. 
 
Numerical modeling of both field pullout tests and laboratory pullout tests could be done 
by using finite element method (FEM). By comparing the soil-geosynthetics interface 
friction angles of field and laboratory pullout tests, this FEM modeling can be calibrated. It 
can thus be used for subsequent design. 
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Figure A2: Geogrid GX 200/50 Technical Data 
